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FOREWORD 


The entire list of papers in this issue of The 
= american Surgeon has been prepared by the sur- 
Smeal faculty of Baylor University College of 
Medicine under the direction of Dr. M. E. De 
Bakey. It is representative of the research 
Married out by this department in its effort to 
further our knowledge of surgical problems. 

Research in a medical school is sometimes con- 
mdered to be competitive with rather than sup- 
Bortive of good teaching for medical students. 
Where the opportunity to participate in research 
Activities is available only to graduate students 
or to residents, this may indeed be the case. 
Phere is a growing conviction, however, that good 
Medical education is graduate education rather 


than a queer mixture of advanced undergraduate 
Sducation and pre-professional training. If this 
Be the case, the medical faculty must be a truly 
graduate faculty engaged in the advancement of 
knowledge through research, and their teaching 
@iorts must be directed toward creating in their 
Suudents a thorough understanding of the prin- 


ciples of the medical sciences and the methods 
whereby one critically evaluates this rapidly 
growing and developing field. The opportunity 
for each medical student to participate in some 
research activity is an invaluable experience 
which will enhance his ability to think clearly 
and critically about many aspects of medicine 
which are still poorly understood. 

Research then is carried on in a medical school 
not only because the facilities and financial sup- 
port are available but also because this activity 
provides for the academic growth and develop- 
ment of the faculty members, who in turn can 
provide better instruction for future physicians. 
The opportunity to publish the results of the 
investigative work is a further stimulus to the 
academic efforts of the faculty. 

We present these papers with considerable 
pride in their quality and with the sincere belief 
that they are the product of a sound educational 
program. 

Strantey W. Oxson, M.D., Dean 
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CLINICAL APPLICATION OF A NEW FLEXIBLE KNITTED DACRON 
ARTERIAL SUBSTITUTE* 


E. Dr Bakery, M.D., Denton A. Cootey, M.D., E. STANLEY 
Crawrorp, M.D., GrorGE C. Morris, Jr., M.D.f 


Houston, Texas 


The direct surgical treatment of various forms 
of aortic and arterial disease often requires a 
vascular replacement. Homografts were first em- 
ployed successfully for this purpose and both 
technically and functionally have provided 
highly gratifying results. Their major disadvan- 
tage, however, lies in the inconvenience associated 
with their procurement and preparation and the 
fact that they are not available in sufficient 
quantities to meet the increasing demands for 
their use. For these reasons attention has been 
directed toward development of a satisfactory 
arterial substitute for homografts which would be 
free of these disadvantages. Various materials 
such as Ivalon, nylon, Orlon, Dacron, and 
Teflon have been used for this purpose and fash- 
ioned into tubes by different methods including 
heat-sealing, sewing, braiding, knitting, and 
weaving. In a previous publication we reviewed 
our experience with these various types of syn- 
thetic arterial substitutes based upon observa- 
tions derived from an analysis of 317 cases in 
which they were employed.! The functional re- 
sults in this series of cases were generally satisfac- 
tory and provided additional evidence that 
tubular fabrics of these synthetic materials could 
be used as substitutes for homografts. There 
were, however, certain disadvantages associated 
with most of them, particularly in their technical 
application. For these reasons and with the hope 
of overcoming some of these objections, efforts 
were continued toward the development of a more 
satisfactory arterial substitute. 

As a result of these efforts and in cooperation 
with Professor Thomas Edman of the Phila- 
delphia Textile Institute, a new knitting machine 
was designed with particular specifications to 

* Supported in part by the United States 
Public Health Service under Grant H-3137, the 
American Heart Association, the Houston Heart 
Association, and Mr. Arthur Hanisch. 

+ From the Cora and Webb Mading Depart- 


ment of Surgery, Baylor University College of 
Medicine, Houston, Texas. 
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produce seamless knitted Dacron tubes in differ- 
ent sizes and in the form of bifurcations as well as 
multi-branch tubes.? Various types of synthetic 
filament yarns were tested from nylon to Teflon, 
but the most suitable was found to be Dacron 
texturized on the Flufon process. To achieve 
greater flexibility a process of cross-crimping the 
tubular knitted fabric by heat-setting was used. 
Various means of coating and chemically treating 
the fabrie were tried but were discarded after 


Fig. 1. Photograph showing various types and 
sizes of Dacron grafts for replacement of different 
anatomic segments of the aorta and peripheral 
arteries. 
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tests showed that the thoroughly cleansed but 
untreated Dacron fabric was more satisfactory. 
Investigations of this knitted Dacron arterial 
substitute in the laboratory have demonstrated 
that it meets certain requirements of strength, 
durability, and flexibility. Among its desirable 
characteristics are the following: (1) It may be 
repeatedly sterilized by autoclaving in the usual 
manner without weakening of the fabric. (2) It 


is available in tubes of various sizes and shapes ~ 


including secondary branches for ready adapta- 
bility to all segments of the major arterial system 
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Fig. 2. Photograph made at 
operation following resection of 
aneurysm of abdominal aorta 
involving left renal artery and 
replacement by Dacron bifurca- 
tion graft with end-to-side 
anastomosis to left renal artery 
as indicated by arrow. 


(fig. 1). (3) Because of its knitted construction it 
is nonfraying and may be cut with the scissors 
or scalpel at an angle or holes may be cut in its 
side for anastomosis of branches (fig. 2). (4) It 
may be clamped with arterial clamps without 
harm to the fabric. (5) Its flexibility and elasticity 
greatly facilitate its anatomic and _ technical 
application under a wide variety of cireum- 
stances. 

An important consideration in the use of this 
knitted Dacron graft is the fact that like any un- 
treated fabric material it is porous and will allow 
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Fia. 3. Drawings illustrating technical applica- 
tion of bifureation Dacron graft for replacement 
following resection of aneurysm or occlusive dis- 
ease of abdominal aorta. (a) Following comple- 
tion of aortic anastomosis proximal occluding 
clamp on aorta is released for a few seconds to 
permit flushing of atheromatous debris or accu- 
mulated clot formation. (b) Following completion 
of the left iliac anastomosis, occluding clamp on 
this vessel is released permitting retrograde blood 
flow into graft and thus flushing it of accumu- 
lated clot. (¢) An occluding clamp is applied to 
left iliac limb of graft just distal to bifurcation 
and the occluding clamp on aorta is momentarily 
released to flush out thoroughly any accumulated 
clots. (d) The occluding clamp on left iliac limb 
of graft is removed and applied to right iliac 
limb, and the aortic occluding clamp is slowly 
and intermittently released over a period of 
several minutes permitting restoration of circula- 
tion through graft and into left iliae artery. (e) 
Distal occluding clamp on right iliac artery is 
temporarily released to permit retrograde flushing 
of any accumulated clots before performing anas- 
tomosis. (f) After completing anastomosis to 
right iliae artery, distal occluding clamp is re- 
moved first and proximal clamp is then slowly 
and intermittently released permitting restora- 
tion of circulation to right iliac artery. 


blood to seep through its wall until sufficient 
clotting has taken place in the interstices of the 
fabric. In our early experience this was considered 
an objectionable feature and various methods of 
treating the fabric were tried in an effort to make 
it “water-proof” and eliminate this porosity. 
Experimental studies, however, indicated that 
this porosity may be considered a desirable fea- 
ture since it permits subsequent ingrowth of 
fibrous tissue to produce firm attachment of the 
new intima lining the inner surface. Accordingly, 


DE BAKEY, COOLEY, CRAWFORD AND MORRIS 


Vol. 24 


certain technical maneuvers were developed 
which would minimize blood loss from seepage 
through the graft. This may be illustrated by 
describing the technical application of a bifurea- 
tion Dacron graft for replacement following re. 
section of aneurysms or occlusive disease of the 
abdominal aorta or as a bypass in accordance 
with our experience. 

At the outset of the operation pre-clotting of 
the graft is done by thoroughly immersing it ing 
small quantity of the patient’s own blood. After 
the aortic anastomosis has been completed, the 
proximal occluding clamp on the aorta is released 
for a few seconds (fig. 3a). This is done for two 
reasons: first, it permits the blind segment of the 
aorta proximal to the occluding clamp to be 
flushed of atheromatous debris or clot formation, 
and second, it permits further sealing of the 
interstices of the graft by fibrin formation. 

Attention is then directed toward anastomosis 
of one of the iliac limbs of the graft, and after this 
has been completed the following maneuvers are 
performed. The distal occluding clamp on the 
iliac artery is released first permitting retrograde 
blood flow into the graft and thus flushing it of 
any accumulated clots (fig. 3b). An occluding 
clamp is then applied to the iliae limb of the 
graft just distal to the bifurcation and the occlud- 
ing clamp on the aorta is momentarily released 
to permit thorough flushing and to wash out any 
accumulated clots in the graft (fig. 3c). Further 
assurance of removal of all clots from within the 
graft may be provided by insertion of the suction 
tip into the lumen of the graft through the other 
open iliac limb of the graft. The occluding clamp 
on the anastomosed iliac limb is then removed 
and applied to the other iliae limb of the graft 
just distal to the bifurcation (fig. 3d). The aortie 
occluding clamp is then slowly and intermittently 
released over a period of several minutes permit- 
ting restoration of circulation through the graft 
and into the anastomosed iliac artery (fig. 3d). 
Before performing the anastomosis to the remain- 
ing iliac artery, it is desirable to release momen- 
tarily the distal occluding clamp to permit retro- 
grade flushing of its blind segment in order to 
remove any clots or atheromatous debris that 
may have accumulated in the meantime (fig. 3e). 
Following completion of this anastomosis, the 
distal occluding clamp is released first and then 
the proximal clamp is slowly and intermittently 
released (fig. 3f). The application of warm moist 
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10Sis Fig. 4. Photographs made at operation showing use of bypass bifurcation Dacron graft in treatment 
this of occlusive disease of abdominal aorta and iliac arteries. As indicated in diagram on right, trunk of 
bifurcation Dacron graft is attached as end-to-side anastomosis to abdominal aorta just below origin 
of renal arteries, and bifurcation limbs of graft are similarly attached to common femoral artery below 
the occlusion permitting restoration of normal circulation to lower extremities. 


ved Fig. 5a. Angioaortogram in 
aft patient with extensive fusiform 
aneurysm of descending thoracic 
‘tie aorta arising just distal to left 
tly subclavian artery. 
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Fig. 5b. Photograph made at 
operation in same patient show- 
ing successful replacement of 
resected aneurysm with Dacron 
graft. 


Fia. 6. (a, left) Preoperative aortogram in patient with extensive arteriosclerotic aneurysm of ab- 
dominal aorta involving bifurcation and common iliac arteries. (b, right) Aortogram in same patient 
made approximately one year after operation showing excellent function of bifurcation Dacron graft 
used to replace excised aortic aneurysm. ( 
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Fig. 7. Aortogram made almost 14 months 
after operation showing restoration of circulation 
In right lower extremity by means of bypass 
Dacron graft attached by end-to-side anastomoses 
to common femoral artery above and to popliteal 
artery below. 
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pads under slight pressure further enhances seal- 
ing of the graft and the anastomoses. 

Similar technical maneuvers may be employed 
in the application of this graft under variable 
circumstances either as a single straight tube for 
bypass operations or in the performance of multi- 
branched anastomoses. A particular advantage 
lies in the fact that it may be converted from a 
temporary shunt into the permanent graft under 
certain circumstances in which it is desirable to 
minimize or avoid temporary arrest of circulation 
such as in the region of the aortic arch or the 
upper segment of the abdominal aorta from which 
arise the major vessels to the abdominal viscera. 

In an aneurysm involving the aortic arch, for 
example, and in which the proximal segment of 
the ascending aorta is involved, the Dacron graft 
may be attached with end-to-side anastomoses to 
the uninvolved segment of the ascending aorta 
and to the descending limb of the aortic arch 
distal to the aneurysm. With the use of similar 
end-to-side anastomoses the trunk of a bifurea- 
tion Dacron graft is attached to the previously 
inserted Dacron graft and its three limbs to the 
innominate and left common carotid arteries. By 
this means occluding clamps may be applied to 
the intervening segment of the aortic arch to 
permit its resection while aortic and cerebral 
circulation is maintained through the Dacron 
grafts. Another Dacron graft may be used to 
replace the excised segment of the aortic arch 
with anastomosis to the left subclavian artery to 
complete the procedure. The Dacron grafts which 
served the purpose of a temporary shunt to main- 
tain aortic and cerebral circulation during the 
resection are allowed to remain as permanent 
grafts, thus minimizing the extent of the opera- 
tive procedure. 

This advantage of conversion of the Dacron 
graft used first as a temporary shunt into the 
subsequent permanent graft is further illustrated 
in cases of extensive aneurysms involving the 
thoracoabdominal segment of aorta including 
the celiac, superior mesenteric, and renal arteries. 
Under these circumstances a Dacron graft with 
appropriate branches is first attached by end-to- 
side anastomoses to the descending thoracic 
aorta above the aneurysm and to the uninvolved 
segment of the abdominal aorta below the 
aneurysm. The left renal artery is then attached 
by end-to-end anastomosis to its corresponding 
branch on the graft and circulation through the 
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TABLE 1 Jess 
Tabulation of results obtained following use of Dacron grafts, other synthetic grafts, and homografts derived graf 
from analysis of our clinical experience ing 
Dacron Grafts No. Cases Deaths Graft Failures Succeniel rece! 
man 
Thoracie aorta The 
51 13 (25%) 0 38 (75%) the ] 
is 16.5% 0° 17 (94% othe 
Abdominal aorta high 
Peripheral arteries | 
Total Dacron grafte: 737 25 (3.4%) 22 (3% 690 (94%) 
Total other synthetic grafts.............. | ea 29 (8%) 27 (8%) 285 (84%) 
| 593 62 (10%) 24 (4%) 507 (85%) 
| 
| 1,671 116 (7%) 73 (4% 1,482 (89% 
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COMPARISON OF SUCCESSFUL RESULTS 
IN VARIOUS TYPES OF ARTERIAL REPLACEMENTS 


Homocrarts 
OTHER 
S SYNTHETICS 


DACRON 
GRAFTS 
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Fig. 8. Graphic representation showing higher 
incidence of successful results following use of 
Dacron grafts than other synthetic grafts as well 
as homografts in various vascular segments. 


Dacron graft is permitted. The graft is now func- 
tioning as a temporary shunt and in this manner 
the total period of arrest of circulation to the 
left renal artery should not exceed more than 10 
to 15 minutes, which is well within the critical 
period. Occluding clamps may then be applied to 
the aorta above and below the aneurysm and to 
the celiac, superior mesenteric, and right renal 
artery and the aneurysm resected. The right renal 
artery is then attached to its corresponding 
branch on the Dacron graft by end-to-end 
anastomosis and circulation restored to the right 
kidney by releasing the occluding clamps on 
these vessels. In this manner, arrest of circulation 
to the right kidney should not exceed about 20 
minutes. The superior mesenteric and celiac 


arteries are then consecutively anastomosed to 
their corresponding branches on the Dacron 
graft and circulation to these vessels restored by 
releasing the occluding clamps. The procedure 
may then be completed by suture closure of the 
aortic ends above and below the end-to-side 
attachments of the Dacron graft. In this manner 
the Dacron graft which has served as a tempo- 
rary shunt is converted into the permanent graft 
thus greatly facilitating the operative procedure 
and ...:nimizing the period of arrest of circulation 
to these critical vessels. 

Since early in 1957 we have employed this 
Dacron graft almost exclusively in the treatment 
of a wide variety of aortic and arterial diseases 
(figs. 4 and 5). Analysis of this experience, which 
now includes a total of 737 cases, reveals results 
that are in general most satisfactory. Although 
insufficient time has elapsed to provide long-term 
evaluation of the functional efficacy of these 
grafts, follow-up observations extending for 
periods ranging from a year to a year and a half 
have been most gratifying and within this period 
of time have revealed no failures which could be 
attributable to the graft (figs. 6 and 7). Moreover, 
a comparison of these results with those obtained 
in our previous experience with the use of other 
types of synthetic vascular replacements and 
with homografts indicates the Dacron graft to be 
superior in all respects (table 1; fig. 8). Particu- 
larly noteworthy is the fact that the incidence of 
failures attributable to the graft was significantly 
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Jess in the Dacron series than in other synthetic 
grafts. To be sure, an important factor contribut- 
ing to the reduction in mortality in the more 
recent Dacron series is improvement in surgical 
management resulting from increased experience. 
The fact remains, however, that the mortality in 
the Dacron series is significantly lower than in the 
other series and this fact along with the distinctly 
higher incidence of over-all successful results 
provides good evidence of its clinica! value and 
efficacy. 


Michael E. De Bakey, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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THE PUMP OXYGENATOR IN CARDIOVASCULAR SURGERY: 
OBSERVATIONS BASED UPON 450 CASES* 


Denton A. Cootry, M.D., Harotp A. M.D., James W. Giacosine, M.D, 
Grorce C. Morris, Jr., M.D., Luis R. M.D., 
F. J. Harserc, M.D.tf 


Houston, Texas 


Recent development and clinical application of 
mechanical cardiopulmonary substitutes have 
provided an important stimulus which has rapidly 
expanded the scope of cardiovascular surgery. 
During the years since our own initial clinical 
attempt with this method on January 23, 1956, 
450 operations have been performed using tem- 
porary cardiopulmonary bypass (table 1). This 
report is based upon our experience and is con- 
cerned with certain observations, opinions, and 
recommendations for use of this technique in 
congenital and acquired cardiovascular lesions. 
More detailed description of diagnostic and 
surgical technique may be obtained from pub- 
lished references. Since the results reported herein 
depend to a large extent upon the particular 
method employed, the actual technique of bypass 
deserves brief description. 


TECHNIQUE 


Although other types of oxygenator were tried 
experimentally, only the bubble diffusion type 
has been used in these hospitals. A modified 
DeWall-Lillehei apparatus made of Tygon tubing 
was used initially with results which were con- 
vincing as to the clinical safety of this method. 
In order to have a unit which was easier to 
assemble and sterilize, a stainless steel oxygenator 
was developed which could be cleaned and used 
repeatedly (fig. 1).{ The unit is siliconized after 
every 15 or 20 operations. Dow-Corning Anti- 
foam A is applied to a stainless steel sponge 
placed in the defoaming chamber and the entire 

* Supported in part by Grant No. H-3137 from 
the United States Public Health Service, the 
Houston Heart Association, and the C. J. 
Thibodeaux Foundation. 

+ From the Cora and Webb Mading Depart- 
ment of Surgery, Baylor University College of 
Medicine, and the Jefferson Davis, Methodist, 
Veterans Administration, Texas Children’s, and 
St. Luke’s Hospitals, Houston, Texas. 

t Manufactured by The Mark Company, 


Thirty One West Street, Randolph, Massa- 
chusetts. 
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unit is sterilized in the pressure autoclave. This 
unit has provided satisfactory results in more 
than 200 operations. As the tempo of the pro- 
gram of open heart surgery increased, the need 
for an even simpler device became apparent, 
Thus, the disposable plastic bag oxygenator 
developed by Gott and associates in conjunction 
with Travenol Laboratories, Inc., has been used 
in approximately 150 cases (fig. 2). At present the 
stainless steel oxygenator is used for cases in 
which the flow rate exceeds 1500 cc. per minute 
and the disposable oxygenator is used for smaller 
flows. In some instances, however, it has been 
expedient to use two disposable oxygenators 
connected in parallel and the results have been 
satisfactory. A ratio of 4:1 oxygen to blood flow 
has been the most satisfactory relationship used 
for the diffusion chamber. Hemolysis has not 
been significant and only once exceeded 100 mg. 
per 100 cc. of plasma after operation. Using such 
simple techniques of oxygenation has greatly 
facilitated application of this technique. Not 
infrequently four operations using cardiopul- 
monary bypass may now be done in a single 
operating day. 

Two types of pumps have been emploved, the 
roller pump of De Bakey and the multiple lever 
pump of Sigmamotor. Both give satisfactory 
results. At present for flows in excess of 1500 ce. 
per minute the roller pumps are used and for 
lower flows the Sigmamotor pumps are used. 
This is largely for convenience since both pumps 
are adaptable to both low and high flows. 

The rate of flow employed is not standard for 
all patients. For patients less than two years of 
age a rate of 50 cc. per kg. of body weight per 
minute is used, from two to five a rate of 40 to 45 
cee., and for patients more than five years of age 
35 to 40 ce. per kg. per minute is used. In patients 
with tetralogy of Fallot with cyanosis the rate of 
flow should be increased to 60 to 70 ce. per kg. 
per minute to compensate for the heavy loss 
which may occur through bronchial collateral 
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TABLE 1 


lesions operated upon during temporary cardio- 
pulmonary bypass 


Lesion No. 
Ventricular septal defect........... | 19 


Ostium secundum (88) 

Ostium primum (19) 

A-V communis (13) 
Tetralogy of Fallot................ | 28 
Aortic and subaortic stenosis.......| 
Pulmonie and infundibular 20 
Total anomaly pulmonary venous) 


Transposition of great vessels...... | 6 
Miscellaneous congenital........... | 14 
Aortico-pulmonary septal defect..... 3 

Calcific aortic stenosis. ............ | 22 
Aneurysm ascending aorta..........| 14 
Mitral insufficiency................ 
Aortic insufficiency.................} 4 
Myocardial infarction..............) 5 


Aneurysm left ventricle (4) 
Ventricular Septal Defect (1) | 
Sinus Valsalva fistula.............. 4 
Left atrium (2) 
Right atrium (1) 
Aortie ventricular stab wound (2) 
Ruptured papillary muscle (1) 


vessels. Gravity drainage from the venae cavae 
has been tried in a few cases but did not improve 
the results and therefore is no longer used. Two 
pumps are used in the system, one to withdraw 
blood from the venae cavae and the other to 
return blood to the femoral artery (fig. 3). Dis- 
posable plastic tubing is used for all cannulations 
and connections. 

For most cases involving a brief period of 
perfusion the blood aspirated from the heart may 
be discarded. The volume of blood returning to 
the heart may be reduced by periodic occlusion 


of the ascending aorta. The aorta may be clamped - 


for two to three minutes at a time and the clamp 
released for a brief interval while the color of the 
Myocardium is restored. By this method the 
coronary venous return is reduced and exposure 
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of the defect for repair is enhanced. In certain 
types of cases in which an unusually large return 
of blood into the heart is expected during the 
bypass, such as in tetralogy of Fallot, atrioventric- 
ularis communis, or in cases with severe cardiac 
enlargement, a secondary pumping unit is needed 
to handle the aspirated blood. For this purpose a 
special single pump with cabinet was designed 
which has mounted graduated flasks for measur- 
ing the blood going through this circuit (fig. 4). 

Cardioplegic agents were used extensively in 
our early experience and more than 75 patients 
were operated upon using induced cardiac arrest. 
Potassium citrate, 2.5 per cent solution, was used 
mostly because it produced the most predictable 
and complete arrest. Under the perfusion condi- 
tions already described, however, the cardioplegic 
agents appeared to impose an additional risk 
which outweighed the advantages associated with 
operating upon the completely relaxed heart. The 
most significant complication was an incidence 
of ventricular fibrillation of 24 per cent and failure 
of defibrillation and resuscitative measures in 47 
per cent of these cases. When induced cardiac 
arrest was not used, ventricular fibrillation oc- 
curred in 12 per cent and 75 per cent of these 
were defibrillated successfully. Furthermore, 
since the use of potassium citrate prolonged the 
period of perfusion for 10 to 20 minutes in some 
instances, this technique was subsequently al- 
most discarded. At present cardioplegic agents 
are not part of the routine in any type of case but 
may be used for especially difficult technical 
problems. 

Blood for priming the pump is collected at the 
most convenient time 24 hours or less before 
operation. Usually professional donors are used 
from the central community blood bank (South- 
west Blood Bank of Houston), and the blood is 
collected into siliconized bottles or plastic bags 
containing 18 to 25 mg. of Heparin solution. The 
blood is immediately refrigerated and rewarmed 
about 30 minutes prior to the bypass. Before the 
cannulae are inserted, Heparin is administered to 
the patient, 1.5 mg. per kg. body weight. Prota- 
mine sulfate was used in some 350 patients to 
neutralize the Heparin, but recently in the last 
50 patients Polybrene (Abbott Laboratories) has 
been used for this purpose and appears to be 
distinctly superior. Customarily the clotting 
time returns to normal within 10 and often within 
5 minutes after administering Polybrene. This 
drug has reduced postoperative bleeding signifi- 
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STAINLESS 
STEEL 
SPONGE 


HELIX 


FROM PATIENT 


Fig. 1. Photograph and explanatory diagram showing stainless steel oxygenator utilizing the bubble 
diffusion principle. Device is cleaned and autoclaved between operations. 


cantly and has been an extremely welcome im- 
provement. 


CONGENITAL LESIONS 


Ventricular septal defect. Of all the congenital 
cardiac defects this is the most common as evi- 
denced by the fact that this lesion was the indi- 
cation for operation in about 35 per cent of all 
open heart operations. Defects of the membra- 
nous septum were present in 80 per cent of these 
patients, the remainder involving the muscular 
portion. In addition to the usual type of defect, 
we have referred in previous publications to two 
other types, namely the common ventricle and 
the ventriculo-atrial defect. In the former the 
defect is usually so extensive that virtually the 
entire ventricular septum is absent and the two 
ventricles function as a common chamber. A 
ventriculo-atrial defect is usually a defect of the 
membranous septum in which the left to right 
intracardiac shunt is from the left ventricle to the 
right atrium. Thus, the physical findings usually 
simulate a ventricular septal defect whereas the 


cardiac catheterization data suggest a low atrial 
defect. 

Repair of ventricular defects with rare excep- 
tions was performed through a bilateral fourth 
intercostal space incision. Through a right ventric- 
ulotomy incision the defect is exposed (fig. 5). 
Intermittent occlusion of the ascending aorta is 
used to reduce coronary venous return and main- 
tain a relatively bloodless operative field. In 
defects more than 1.5 em. in size a Dacron patch 
is sutured over the defect using continuous silk 
sutures. If evidence of an A-V block appears after 
a suture is placed, it is removed and replaced. In 
this manner permanent A-V block may be 
avoided and indeed has been a rare complication 
in repair of ventricular defects. Induced cardiae 
arrest should be avoided in these cases. 

Repair of the defect should be performed 
without tension on the sutures. If a patch is 
needed, knitted Dacron is the most satisfactory. 
Recently we have reoperated upon two patients 
in whom the standard large Ivalon patch was 
used for repair more than a year previously, and 


Fi 
less t 


perfo 
patch 
Such 
cloth. 
A 
patie 


— 
TO 
age, 
prese 
Analy 
patie 
carrie 
less t 


le 


PUMP OXYGENATOR 


873 


Fig. 2. Plastic disposable oxygenator used in infants and children in instances of flow requirement 


less than 1500 ce. per minute. 


perforations had occurred in the center of the , a rate of 40 per cent. In spite of the apparently 


patch where no endocardium had been deposited. 
Such complications will not occur with Dacron 
cloth. 

A number of factors determine survival in 
patients with ventricular septal defects including 
age, severity of pulmonary vascular changes, and 
presence of associated cardiovascular lesions. 
Analysis of the results according to age of the 
patients indicates that operation during infancy 
carries a high operative risk. Thus, in 40 patients 
less than 2 years of age there were 16 fatalities or 


prohibitive mortality in infants, operation is 
frequently justified as a salvage procedure and 
was successful in 60 per cent of these cases who 
were usually desperately ill with evidence of 
congestive failure. For the 96 patients between 
the ages of 2 and 15 years there were 7 deaths or a 
mortality slightly more than 7 per cent. 
Pulmonary hypertension and vascular changes 


" were present in all patients who failed to survive 


operation. No deaths occurred in patients more 
than 2 years of age in whom the pulmonary 


December 1958 | 
| 
h 
EE 
1 
7 
¢ 
‘ 
il 
4 


874 


a 


Fig. 3. Diagram showing standard method of 
cannulation for cardiopulmonary bypass used 
mostly for congenital lesions. 


arterial pressure was less than 50 mm. Hg 
systolic. Pressures in the pulmonary bed equal to 
systemic pressure were present in 20 patients who 
survived operation. Some patients had mild 
cyanosis and arterial unsaturation before opera- 
tion but none had frank cyanosis, clubbing of the 
nails, or polycythemia. True Eisenmenger’s 
complex is still considered an inoperable defect 
because of the severe pulmonary vascular 
changes. In borderline cases of ventricular septal 
defect with pulmonary hypertension the use of 
high concentrations of oxygen administered by 
respirator and tracheostomy after operation may 
tide the patient over a critical period during the 
first few days after operation. 

Five patients in this series were operated upon 
because of recurrence of a ventricular septal de- 
fect and in 4 the operation was successful. In 2 of 
these the defect had recurred because of disinte- 
gration of the [valon sponge. Although recurrence 
of the defect may have occurred in a few others 
who have not been operated upon a second time, 
most of the patients have had an excellent fune- 
tional result after operation. 

Atrial septal defects. The size and location of 
the atrial defect in the atrial septum has an im- 
portant bearing upon the degree of cardiac dis- 
turbance produced and the results of operation. 
The most common defect involves the upper 
portion of the septum, a portion of the septum 
derived principally from the embryologie septum 
secundum. A less common defect is the ostium 
primum defect which is located just above the 
ventricular septum in close proximity to the 
mitral or tricuspid valves. Frequently an associ- 
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ated cleft of the mitral valve may be present. The 
most extensive defect of the atrial septum is the 
atrio-ventricularis communis which is usually g 
complex lesion involving not only the lower por. 
tion of the atrial septum but also the ventricular 
septum and A-V valves which are often con. 
pletely cleft. Although a septum secundum 
(Ostium I) defect may cause relatively few symp. 
toms and be unrecognized until young adulthood, 
the atrio-ventricularis communis usually causes 
severe disturbance during infancy and early 
childhood. 

Among the patients with atrial septal defects, 
88 were septum secundum lesions, 19 ostium 
primum, and 13 atrio-ventricularis communis, 
Repair of the ostium secundum type lesions was 
associated with no mortality in 58 patients less 
than 25 years of age but 6 deaths occurred in 30 
patients more than 25 years old. Usually in the 
latter group more advanced secondary effects of 
the prolonged cardiovascular disturbance were 
present accounting for the increased risk of opera- 
tion. Nevertheless, the mortality in 30 patients 
more than 25 years of age was 20 per cent, a 
record which could be improved with improve- 
ments in technique and, of course, with more 
careful selection of patients, if this were justifi- 
able. 

Technique of repair of ostium secundum de- 
fects is usually not difficult since a direct suture 
of the defect with interrupted sutures is ade- 
quate. In most cases of ostium primum defect a 
patch of knitted Dacron should be used to avoid 
tension on the repair. Clefts of the A-V valves 
should be repaired with interrupted silk sutures. 
Technique of repair of a complete atrio-ventricu- 
laris communis has been described in detail else- 
where. Results in these more complicated atrial 
defects have not been as good as for the ostium 
secundum lesions for obvious reasons. Three 
deaths occurred in the 19 patients with ostium 
primum defects (15 per cent mortality) and 7 
deaths in 13 patients with complete A-V com- 
mune. However, 5 of the patients in this latter 
group were critically ill infants less than 6 months 
of age and the operation was performed as a des- 
perate attempt at salvage. Complete A-V block 
following operation on the low atrial defects has 
been one of the principal causes of death sinee 
the A-V conduction bundle lies in a particularly 
vulnerable spot in close proximity to the coronary 
sinus ostium. If particular care is exercised in 
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Fig. 4. Photograph of single ar fe unit which is used to handle coronary venous return or bronchial 


flow in cases where the volume of blo 


od in these circuits is excessive. This unit is also useful in resection 


of aneurysms of the descending thoracic aorta for a left atrial to femoral artery bypass. 


placement of sutures in this location, the fatal 
complications of surgical repair of such lesions 
may be greatly reduced. 

Tetralogy of Fallot. In most cases of tetralogy 
the ventricular defect was usually large, and 
closure with a Dacron patch was preferable to 
direet suture repair. This permits correction of 
the overriding aorta without undue tension on the 
suture line. Enlargement of the pulmonary out- 
flow tract with an elliptical piece of compressed 
Ivalon polyvinyl sponge is frequently necessary 


even after infundibular resection and pulmonary 
valvulotomy (fig. 6). An effort should be made to 
reduce the gradient across the right ventricular 
outflow tract as much as possible and the Ivalon 
“gore” in the ventriculotomy incision is particu- 
larly useful for this purpose. 

Two types of patients with tetralogy have been 
operated upon, cyanotic and acyanotic. Results 


‘of operation in our patients with extreme cya- 


nosis and polycythemia as a group have been dis- 
couraging and account for the majority of 
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Fic. 5. Drawing showing method of repair of large ventricular septal defect involving the membranous 
septum. An incision in the right a exposure of the defect for repair with a knitted 


Dacron patch. This crimped material provi 


Fria. 6. Photograph made at operation 
of right ventricle to increase the diamete 
fundibular resection. 


es added elasticity and pliability without folding. 


showing compressed Ivalon gore sutured into outflow tract 
r and eliminate the obstruction which may persist after in- 
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fatalities. Therefore, in these patients we fre- 
quently recommend a systemic pulmonary shunt 
as recommended by Blalock and Potts although 
a definite policy of treatment has not been estab- 
lished for these patients. In acyanotic cases in 
which overriding of the aorta is not extreme and 
the pulmonary artery is of adequate size results 
of open repair have been gratifying. In 3 patients 
previous systemic-pulmonary shunts were closed 
before repair of the cardiac defect was attempted. 
Only one of these patients survived. In 28 pa- 
tients with tetralogy of Fallot there were 12 
deaths (41 per cent mortality rate). Such results 
should be improved substantially as experience 
with the technical aspects of repair of this lesion 
increase. 

Aortic and subaortic stenosis. Twenty patients 
with congenital aortic stenosis were operated 
upon of which 11 were valvular, 7 subaortic, and 
2 were combined valvular and subaortic stenoses. 
Ages varied between 4 weeks and 18 years and 4 
patients were less than 2 months of age and 
operated upon as emergencies. Thus, it is particu- 
larly gratifying that no deaths occurred in any 
patients with congenital stenoses. Several pa- 
tients have had evidence of mild to moderate 
aortic regurgitation after operation, but for the 
most part the functional results have been good. 

Approach to the valve is made through a 
bilateral anterior third intercostal space incision 
transecting the sternum. A median sternotomy 
was used in 2 patients, but hemorrhage occurred 
from the posterior periosteum causing a medias- 
tinal hematoma which required re-exploration in 
1 patient. At present the transverse incision is 
preferred. The valve is visualized through a 
longitudinal incision in the ascending aorta. In 
cases of valvular stenosis the commissures are 
identified and opened carefully with fine scissors 
or scalpel. In 7 patients a bicuspid valve was 
encountered and only two commissures were 
opened. If a subaortic stenosis is demonstrated, a 
partial excision with dilatation is recommended. 
In 2 patients a membrane was present in the sub- 
aortic zone, and these patients obtained better 
results from operation than those with the usual 
fibromuscular obstruction. 

Repair of the aortotomy should be done care. 
fully with continuous arterial sutures reinforced. 
with multiple interrupted sutures. The pericar- 
dium is closed loosely so that bleeding from the 
aortotomy will not produce pericardial tamponade 
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Pulmonic valvular and infundibular stenosis. 
For a number of reasons pure valvular pulmonic 
stenosis in children is not routinely operated upon 
with cardiopulmonary bypass. A transventricular 
valvulotomy has proved to be satisfactory for 
these patients if a technique is used which ensures 
complete division of the valve. In our patients a 
guillotine knife is used which incises the valve 
completely and well back to the annulus. Indeed, 
in several patients after this procedure was done, 
the pulmonary artery has been opened under 
hypothermia and inflow occlusion and no further 
division of the valve was needed. Thus, we con- 
tinue in the effort to make the distinction between 
valvular and infundibular stenosis before opera- 
tion. 

Infundibular stenosis is always operated upon 
using temporary cardiopulmonary bypass. After 
excision of the infundibular obstruction it may be 
necessary to insert a “gore” of compressed Ivalon 
into the outflow tract in order to enlarge the 
lumen and reduce right ventricular pressure 
(fig. 6). 

A total of 20 patients with pulmonic stenosis 
have been operated upon using the pump oxy- 
genator without a death. The oldest patient was 
48 years and the youngest 5 years. Eight patients 
had isolated infundibular stenosis and 9 had 
isolated valvular stenosis. The remaining 3 
patients had combined infundibular and valvular 
stenosis. Another patient had combined infun- 
dibular pulmonic stenosis and subaortic stenosis 
both of which were corrected during bypass. In 
two patients right ventricular pressure was more 
than 50 mm. Hg after complete excision and 
enlargement of the outflow tract. In these pa- 
tients a subsequent drop in right ventricular 
pressure is anticipated. 

Total anomalous pulmonary venous drainage. 
Two types of total anomalous pulmonary venous 
drainage have been operated upon depending 
upon the site of drainage into the right atrium. 
In 4 patients the drainage was by way of com- 
mon pulmonary vein in the left superior medias- 
tinum emptying into the left innominate vein. 
All 4 patients survived total correction of this 
anomaly by a technique previously described in 
detail. In the other type of anomaly operated 
upon the pulmonary venous drainage was into 
the right atrium either directly or through the 
coronary sinus. Six patients of this type were 
operated upon with two deaths. 
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Transposition of the great vessels. This lesion 
remains a challenge to the cardiac surgeon. 
Operation in 6 critically ill patients all less than 
2 years of age and 3 less than 6 months of age 
resulted in death. In May 1956, an attempt was 
first made to excise and replace the atrial septum 
in these patients in an attempt to transpose the 
venous return to the heart. This and three sub- 
sequent similar attempts were unsuccessful, all 
patients dying during the first six hours after 
operation. The one attempt to transpose the 
pulmonary artery and aorta was also unsuccess- 
ful. At present operations for transposition of the 
great vessels are not being performed with the 
pump oxygenator. In infants and children crea- 
tion of an artificial atrial defect has led to clinical 
improvement in many patients, and the operation 
recommended by Baffes has been used with 
satisfaction in 1 patient who was 5 years old. 

Aortico-pulmonary septal defect. This relatively 
rare defect was encountered in 3 patients. Divi- 
sion and suture of the defect was performed in 
all with excellent results. Another patient was 
successfully operated upon previously using 
hypothermia and inflow occlusion. On the basis 
of our experience with this lesion an open repair 
is preferable to closed methods and eliminates the 
technical problem of severe hemorrhage during 
dissection and repair. Since cardiopulmonary 
bypass produces the most predictable results, it 
would appear to be the preferred method of 
treatment for these lesions. 


ACQUIRED LESIONS 


Aortic valvular stenosis. Two types of aortic 
valvular lesions have been operated upon, 31 
being calcific aortic stenosis and 4 aortic regurgi- 
tation after rheumatic or bacterial endocarditis. 
Previous experience with closed operations upon 
calcific aortic stenosis was generally unsatisfac- 
tory no matter whether the valve was approached 
transventricularly or transaortically. Apart from 
the well known technical complications involved 
in those “blind” procedures in the critically ill 
patients the frequent onset of ventricular fibrilla- 
tion and cardiac arrest which responded in only a 
few instances to resuscitative measures was 
instrumental in virtual abandonment of this 
technique. A mechanical extracorporeal circula- 
tion, however, supports the failing coronary cir- 
culation during cardiac manipulations and al- 
most consistently cardiac arrest or ventricular 


Vol. 24 


fibrillation may be reversed by a combination 
of cardiac massage and electric defibrillation, 
Moreover, adequate cerebral circulation may be 
maintained constantly regardless of the status of 
cardiac function. 

The pathologic nature of the aortic valve in 
severe calcific aortic stenosis is such that it js 
virtually impossible to obtain completely normal 
valvular action after valvulotomy in advanced 
stages of stenosis. Anatomic landmarks are 
usually lost in exuberant deposits of calcium. In 
most cases one commissure is completely fused 
and the valve appears to be bicuspid with a fish- 
mouth opening. An attempt is made to incise the 
fused commissure and dilate all three commis- 
sures with a two bladed dilator. Unfortunately, 
even under direct visual guidance this may lead 
to aortic valve incompetence which may be con- 
trolled by exercising caution in the dilatation. A 
mild degree of increased aortic incompetence has 
been evident in several patients after operation, 
but this has not reduced appreciably the subjec- 
tive and objective evidence of improvement 
from operation. 

Our own policy is to accept only those pa- 
tients with severest form of calcific aortic stenosis 
for operation in the belief that only a limited 
objective is available at this time. No attempt 
has yet been made in our patients to remove the 
calcium from the leaflets by a careful ‘“sculptur- 
ing” of the leaflets. Perhaps development of a 
prosthetic replacement for the valve may im- 
prove the functional results of operation. Most 


patients operated upon have had evidence of | 


severe cardiac disability, cardiac strain, and frank 
congestive failure. This undoubtedly accounts 
for a mortality of 27 per cent of 22 patients after 
operation. Results with this lesion are improving 
and in the last 12 patients there was one death in 
a critically ill patient with multivalvular disease. 

At present the aortic valve is approached trans- 
aortically by a longitudinal incision in the ascend- 
ing aorta. The vena caval cannulation may be 


accomplished by inserting a large single per- | 


forated plastic tube through the common femoral 
vein into the superior cava for venous outflow 
(fig. 7). After removal of the cannula the femoral 
vein is repaired with fine silk sutures. Upon 
starting the bypass the aorta is clamped proximal 
to the innominate artery and the ascending aorta 
is opened. Cardiac action gradually weakens 
during the procedure but continues for 8 to 10 
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Fig. 7. Diagram showing method of cannula- 
tion useful particularly for acquired cardiovascu- 
lar lesions. 


Fic. 8. Drawing showing a method of annulo- 
plasty used in repair of aortic regurgitation. This 
and other techniques of a similar nature may 
reduce the diameter of the annulus without 
sacrificing valve tissue. 


minutes during which time the valvulotomy may 
be completed and the aortotomy repaired. 
Retrograde perfusion of the coronary sinus was 
used in the first patient operated upon but has 
not been used since. Indeed, this was the only 
ease in which ventricular fibrillation occurred 
and resuscitation of the heart was unsuccessful. 
Aortic regurgitation is even more difficult than 
aortic stenosis to correct surgically by a direct 
attack upon the valve. In one patient aged 48 
years we were successful! in relieving aortic regur- 
gitation by constricting the aortic annulus at the 
commissures with mattress sutures (fig. 8). With 
the area of the annulus reduced, sufficient func- 
tioning valve tissue was present to cause the 


valve to close almost completely. In this patient 


with a large syphilitic aneurysm of the ascending 
aorta pulse pressure after operation decreased 
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Fig. 9. Drawing showing exposure of the heart 
through a right antero-lateral incision. The 
mitral valve may be exposed by making an in- 
cision over the pulmonary veins at the point of 
entry into the left atrium. 


and blood pressure changed from 160/40 mm. 
Hg before operation to 140/80 after operation. 
It is possible that excision of the aneurysm and 
the ascending aortorrhaphy contributed to the 
favorable result. Two other patients with aortic 
regurgitation, both due to rheumatic heart disease 
and bacterial endocarditis, failed to survive 
operation. In both of these a portion of the 
annulus in the noncoronary aortic cusp was 
excised to reduce the size of the annulus. Thus, 
on the basis of this limited experience with only 
one good result no definite conclusions can be 
drawn. Although aortic annuloplasty may give 
good results in isolated cases, there remains a 
definite need for a satisfactory replacement for 
the entire aortic valve. 

Mitral valvular disease. Nine patients with 
recurrent mitral stenosis following previous com- 
missurotomy were operated upon. The interval 
elapsing from the initial closed intracardiac 
commissurotomy and the open procedure varied 
from 2 to 7 years. One patient had two previous 
operations 4 and 2 years, respectively, prior to 
the open operation. 

At present mitral valvulotomy during cardio- 
pulmonary bypass is recommended only for recur- 
rent cases or in instances in which the usual 
finger fracture technique fails either because of 
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the nature of the valve itself or the presence of 
intra-atrial thrombi which would impose a serious 
threat of peripheral embolism. 

Commissurotomy under direct vision should 
be done through a right-sided approach using an 
antero-lateral incision through the third inter- 
costal space. Cannulations are done as demon- 
strated in figure 7. The mitral valve is exposed by 
making an incision in the left atrium at a point 
where the right pulmonary veins enter (fig. 9). 
Loosely attached thrombi in the left atrium were 
removed in several patients and in 1 patient the 
left atrium was encased with organized thrombus 
which was removed. No peripheral embolism of 
blood clots occurred in any of these patients al- 
though 2 patients had transient signs of air 
embolism for several days after operation. The 
mitral valve is exposed with the heart still beating 
to demonstrate the presence of mitral regurgita- 
tion. Usually the most anatomic commissurotomy 
is obtained by using a large two-bladed expanding 
dilator which opens to a maximum of 4.5 cm. In 
some instances it is desirable to incise the com- 
missure first before using the dilator. Air em- 
bolism may be avoided by avoiding aspiration in 
the left ventricle through the mitral valve and 
by using the antero-lateral position. The head 
down position of the patient may also prevent air 
embolism via the carotid arteries. 

Among the 9 patients operated upon for recur- 
rent stenosis there was one death in a 25-vear-old 
woman who developed sudden pulmonary edema 
and died 7 days later. Although this patient had 
neurologic signs of cerebral air embolism im- 
mediately after operation, she recovered com- 
pletely and was being prepared for dismissal 
from the hospital when the complication occurred. 
The other patients have all done well with grati- 
fying relief of symptoms and signs of mitral 
stenosis. 

Repair of mitral insufficiency has been unsatis- 
factory in our experience primarily because of 
the advanced stages of cardiac decompensation 
in the patients selected for operation and the 
complicated pathologic conditions causing incom- 
petence of the valve. Severe and extensive calcifi- 
cation, ruptured papillary muscles or chordae 
tendineae producing flail leaflets, and giant atria 
with rigid buttonhole orifices have made the 
technical aspects of valvuloplasty almost im- 
possible in many cases. The approach through 
the right side provides excellent exposure of the 
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valve for repair, and valvuloplasty would yp. 
doubtedly be successful if a valve favorable fo 
repair were encountered. Such may be e. 
countered in future attempts, but until the presen, 
all patients with this diagnosis died in congestiye 
failure for one reason or another during the first 
week after operation. 

Aneurysm of ascending aorta. Resection of 
aneurysms of the proximal ascending aorta may 
be accomplished with the aid of temporary 
cardiopulmonary bypass, but the risk is high, In 
those instances in which the transverse portion 
of the aortic arch was excised, perfusion of the 
carotid arteries was also used. This introduced 
risks which further complicated the postoperative 
course of the patient. Although the risk in this 
group of patients with massive aneurysms clo 
to the heart was significant, segmental resection 
of the ascending aorta with graft replacement 
should be attempted in patients with painful 
symptoms, tracheal or superior caval obstruction 
or other signs of impending disaster since the 
prognosis without operation is so grave. 

Lesions produced by myocardial infarction, 
Results in this group of patients have been partie- 
ularly gratifying and encouraging. Among the 
complications of serious myocardial infarction 
are ventricular rupture, perforation of the inter- 
ventricular septum, rupture of a papillary muscle, 
and ventricular aneurysm. The first patient in 
this category who was operated upon had an 
acquired defect of the interventricular septum 
following an extensive posterior myocardial 


infarction 6 weeks previously. The defect was | 


repaired successfully, but the patient expired 6 
weeks later from pericarditis. This experience 
convinced us, however, that patients could toler- 
ate cardiac surgery under temporary bypass even 
though they had severe coronary heart disease. 
Subsequently 4 patients have been operated 
upon for aneurysm of the left ventricle. Ages of 
the patients were 48, 50, 56, and 57, and the 
interval between the coronary occlusion and 
operation varied from 6 weeks to 3 years. Repait 
was successful in all 4 patients and all have been 


almost completely rehabilitated. Intrasaccular | 
thrombi were encountered in all patients. The | 


open operation during bypass permitted an 
accurate excision of the sac followed by a ventric- 
uloplasty which provided for optimum restora- 
tion of function. Eliminating the paradoxical 
motion in the sac improved cardiac function and 
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eardiac output. In 1 patient cardiac catheteriza- 
tion before and after operation revealed a cardiac 
index of 1.6 liters per square meter body surface 
per minute. After operation the cardiac index was 
1.84 at rest and 3.5 following exercise. This 48- 
year-old patient has been relieved of his severe 
anginal symptoms and has returned to work. 
Removal of ventricular aneurysms may be recom- 
mended for the majority of patients with this 
lesion in order to improve cardiac function, 
relieve symptoms, and prevent certain fatal 
complications. 

Sinus of Valsalva fistula. Four patients with 
this lesion have been operated upon successfully. 
Following operation 3 patients have mild residual 
aortic regurgitation indicating the presence of a 
deformed aortic valve leaflet opposite the per- 
forated sinus. Nevertheless, even these patients 
have had substantial improvement in cardiac 
function after operation as a result of elimination 
of the large intracardiac left to right shunt. 
Usually the repair of the defect is made through 
a right ventriculotomy, but if the perforation is 
into the right atrium, then a transatrial repair 
would be used. Direct suture repair was adequate 
and no prosthesis was necessary. 

Myzxoma. The commonest intracardiac tumor 
is the myxoma. This benign, slowly growing lesion 
usually occurs in the left atrium where it is 
attached to the fossa ovalis. Considerable ques- 
tion still exists concerning the true pathologic 
nature of this entity as t» whether it is a neo- 
plasm or organized thrombus, but regardless of 
this the lesion must be removed to prevent or to 
relieve the obstructive symptoms produced. In 
the left atrium obturation of the mitral valve 
produced signs of mitral stenosis. Two patients, 
one a man aged 50 and another a woman aged 
49, were successfully operated upon for left atrial 
myxoma using a left atriotomy incision. Diag- 
nosis was established in both during exploration 
with a tentative diagnosis of mitral stenosis. 

Another patient, a woman aged 49, had dra- 
matic symptoms and findings indicating tricuspid 
obstruction. Bilateral pleural effusion, ascites, 
and ankle edema were present. Diagnosis was 
established at cardiac catheterization and con- 


firmed at the time of successful removal. Since 


removal of intracardiac myxoma is associated 
with low risk and recovery is usually complete 
after operation, all such lesions as well as intra- 
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cardiac foreign bodies of any type should be 
removed with cardiopulmonary bypass. 

Traumatic lesions. Two patients with cardiac 
stabwounds have been operated upon using the 
puinp oxygenator. Of particular interest was the 
fact that both had rather unusual lesions in which 
the fistula was between the aortic root and the 
right ventricle. Operative repair by direct suture 
using a right ventriculotomy was successful in 
both patients. 

A jeep accident caused blunt trauma to the 
pericardium in 1 patient and a ruptured tricuspid 
valve was evident before operation. At explora- 
tion a disrupted papillary muscle was identified 
which permitted flail action of the anterior leaflet. 
The papillary was reattached but the patient 
expired 18 hours later from hemorrhage. In 
another patient with an identical lesion produced 
by subacute bacterial endocarditis the papillary 
was repaired, and the patient is well 2 years after 
operation. 


SUMMARY 


The scope of cardiovascular surgery has been 
greatly increased by development of the pump 
oxygenator for temporary cardiopulmonary 
bypass. A total of 450 operations of this type 
have been performed, 380 for congenital lesions 
and 70 for acquired lesions. Factors affecting 
morbidity and mortality in these operations are 
discussed and various opinions and recommenda- 
tions for such operations are presented. 


Denton A. Cooley, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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TRAUMATIC AORTICO-VENTRICULAR FISTULA: REPORT OF 
TWO CASES SUCCESSFULLY REPAIRED* 


GeorceE C. Morris, Jr., M.D., Ritey P. Foster, M.D., J. RatpH Dunn, M.D., anp 
Denton A. Cootry, M.D.t+ 


Houston, Texas 


Improved methods of treatment of cardiac 
wounds have reduced the mortality previously 
associated with these injuries. Two types of 
cardiac injury are recognized depending upon 
whether the trauma is blunt or sharp, and they 
may be termed closed or penetrating respectively. 
Closed cardiac injury from blunt trauma may 
produce various derangements of the pericarduim, 
myocardium, septa, valves, coronary arteries 
and conduction mechanism. Simple myocardial 
contusion is fortunately the most common form of 
blunt trauma and the results of conservative 
management are usually excellent.! Management 
of penetrating wounds of the heart requires some- 
what more astute observation of the patient for 


. early signs of pericardial tamponade or hemor- 


thagic shock. Opinion differs as to the optimal 
method of dealing with penetrating wounds, some 
advocating early thoracotomy and cardiorrhaphy 
and others recommending a nonoperative ap- 
proach. More than 60 years ago Rehn” performed 
the first successful cardiorrhaphy for a pene- 
trating cardiac wound and 13 years later Peck!? 
reported a collected series of 161 attempted 
cardiac repairs. Results indicated the high risk of 
such procedures and even now in centers in which 
immediate cardiorrhaphy is advocated the mor- 
tality has remained high.*: * Although the non- 
operative treatment of penetrating wounds 
had been used on a limited basis Blalock and 
Ravitch? in 1943 presented a rational method 
of dealing with penetrating wounds utilizing 
fluid and blood replacement and pericardicentesis 
for evidence of cardiac tamponade. Use of this 
method in our own hospitals has reduced the 
mortality to approximately 10 per cent.> Occa- 
sionally, however, cardiorrhaphy must be used 
to control massive hemorrhage. 

Recently, since the successful clinical adapta- 

*Supported in part by the C. J. Thibodeaux 
Foundation and the Houston Heart Association. 

t From the Cora and Webb Mading Depart- 
ment of Surgery, Baylor University College of 


Medicine and the Jefferson Davis and Veterans 
Administration Hospitals, Houston, Texas. 


tion of techniques for open heart operation, 
successful repair of injury to the interior of the 
heart has become possible. Lillehei and Varco 
were the first to perform open repair of a trau- 
matic interventricular septal defect. This patient 
was the only survivor in a series of 7 patients 
reported by Campbell, and associates* in 1956 
on the use of a pump and heterologous lung 
oxygenator for total cardiac bypass. Subse- 
quently, Mahaffey, and associates® utilizing a 
pump and bubble diffusion oxygenator success- 
fully sutured a ventricular septal defect produced 
by a knife wound. O’Neill* obtained a good result 
using fascia lata sutures passed through the 
septum for blind closure of a defect. Peirce™ 
employed hypothermia in an attempted septal 
repair but closure was incomplete. Recently King 
and Shumacker? employed cardiopulmonary 
bypass in successful repair of a traumatic aortico- 
right ventricular fistula caused by a gunshot 
wound. This report is concerned with two cases 
of aortico-right ventricular fistula resulting from 
thoracic stab wounds. 


CASE REPORTS 


Case 1. A 24-year-old Latin American male en- 
tered the Jefferson Davis Hospital on September 
16, 1956, in profound shock after receiving multiple 
stab wounds of the chest and abdomen. Wounds 
were noted in the left nipple, right shoulder, left 
lumbar area and abdomen. His condition improved 
with intravenous fluids and blood transfusion. No 
signs of tamponade or other signs of cardiac injury 
were apparent. A laparotomy was performed, and 
two wounds of the jejunum were repaired. An 
uneventful recovery followed operation and the 
patient was discharged 15 days later. 

On October 19, 1956, he returned to the surgical 
clinic complaining of left precordial pain, exer- 
tional dyspnea and easy fatigability. Examination 


- revealed the left border of cardiac dullness at the 


mid-axillary line in the left sixth intercostal space. 
A continuous harsh murmur was audible over the 
entire precordial region which was loudest in the 
third intercostal space in the left parasternal re- 
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Fic. 1. Roentgenograms of the chest in a 24-year-old patient with aortico-right ventricular fistula 
following thoracic stab wound made before operation (a), and six months after operative repair using 


cardiopulmonary bypass (b). 


TABLE 1 


Results of diagnostic 


cardiac catheterization 


Oz Content in Vols. % | 


Blood Pressure in mm. Hg 


| | svc | Ive | RA | RV | PA | FA | RA [8 |_PA | Brachial 
1 11.7 13.5 | 13.5 17.4) MBP7 26/9 | 26/15 | 110/50 
| | | | 
| } 
2 Before repair | 56 | 6.8 7.9| 7.7| 9.8} MBP4 | 26/7 | 28/14 114/48 
| | | | 
After repair 9.8 10.2 10.2 10.3 | 14.3 | | 18/2 (17/8 115/65 
| | | 


gion. No paradoxical pulse or venous distention 
was present. Blood pressure in the arms was 110/50 
mm. Hg, and venous pressure was 13 em. of water. 
Arm to tongue circulation time with Decholin was 
27 seconds. Roentgenograms of the chest showed 
cardiomegaly and increased pulmonary vascular- 
ity (fig. la). Electrocardiograms were interpreted 
as showing 8.T. segment elevation and counter- 
clockwise rotation. Pericardicentesis yielded 50 
ee. of blood that did not clot. Cardiac catheteriza- 
tion studies indicated a left to right shunt at the 
right ventricular level (table 1). 

On November 21, 1956, a bilateral anterior tho- 
racotomy incision was made through the fourth 
intercostal spaces transecting the sternum. After 
evacuation of a residual hemopericardium, a 
healed stab wound was identified just to the right 


of the anterior descending coronary artery and 
below the pulmonary valve. A harsh thrill was 
palpable in the right ventricular outflow tract. 
Without further manipulation, preparations were 
made for cardiopulmonary bypass. Perforated 
plastic catheters were placed in the superior and 
inferior venae cavae through purse-string sutures 
placed in the atrial wall. A stainless steel bubble 
diffusion oxygenator was used in the extra- 
corporeal circuit. Return of oxygenated blood to 
the patient was provided by cannulation of the 
right common femoral artery. 

After perfusion was started inflow occlusion was 
obtained and a noncrushing clamp placed across 
the ascending aorta. Cardiotomy through the right 
ventricle revealed a 12 by 5 mm. linear defect in 
the outflow tract of the right ventricle (fig. 2). This 
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ia | i ico-right ventricular fistula 
Fic. 3. Roentgenograms of the chest in a 50-y ear-old patient with aortico-rig n r fistt 
following thoracie wae wound made before operation (a), and four months after operative repair using 
cardiopulmonary bypass (b). 
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Fig. 2. Drawing showing aortico-right ventricular fistula as seen at operation in case 1 
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Fig. 4. Drawing showing aortico-right ventricular fistula as seen at operation in case 2 


was closed with 7 interrupted figure-of-eight 
sutures of 3-0 black silk, completely obliterating 
the fistula. Ventriculotomy closure was_per- 
formed with continuous 3-0 black silk sutures, and 
the bypass lasted 7 minutes. 

Recovery after operation was uneventful and 
the patient was discharged from the hospital 13 
days later. He was readmitted to the hospital in 
February 1957 for a brief period for the manage- 
ment of homologous serum jaundice. No murmur 
was audible following operation and the cartiac 
silhouette returned to normal size (fig. 1b). He 
was last seen 20 months following operation and 
was working as a waiter without symptoms. 

Case 2. A 50-year-old Negro male, with a stab 
wound of the left anterior chest, was admitted to 
the Jefferson Davis Hospital on June 23, 1957, un- 
conscious and in profound shock. Blood loss was 
replaced by transfusion. A left thoracostomy tube 
was inserted for subaqueous drainage of a hemo- 


thorax and numerous pericardicenteses were per- 
formed for control of cardiac tamponade. During 
the day of admission a loud to-and-fro continuous 


murmur was noted over the precordium which was | 


most prominent in the fourth intercostal space to 
the right of the sternum. 

Recovery from the acute symptoms was satis- 
factory. Subsequently, however, the patient de- 
veloped progressive cardiac failure which was only 
partially controlled by digitalis, diuretics, and salt 
limitation. Examination several days later re- 
vealed the left border of cardiac dullness in the 
anterior axillary line in the fourth intercostal 
space. A diastolic gallop accompanied the harsh 
continuous murmur. Auscultatory blood pressure 
in the arms was 126/48 mm. Hg. Venous pressure 
was 11 cm. of water. Arm to tongue circulation 
time with Decholin was 13 seconds. Roentgeno- 
grams of the chest showed cardiomegaly and in- 
creased pulmonary vascularity (fig. 3a). Electro- 
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cardiograms showed a sinus tachycardia with 
inversion of the T waves in leads AVT and V2-V6 
with slight prolongation of PR interval. Cardiac 
catheterization studies indicated a left to right 
shunt at the level of the ventricle (table 1). 

Increasing cardiac failure unresponsive to medi- 
cal management continued and operation was per- 
formed at the Veterans Administration Hospital, 
Houston, Texas on August 1, 1957. The peri- 
cardium was opened widely through a bilateral 
anterior fourth intercostal space incision transect- 
ing the sternum. Numerous dense pericardial ad- 
hesions were divided. The venae cavae and right 
femoral artery were cannulated as in case 1 and 
cardiopulmonary bypass started with inflow and 
ascending aortic occlusion. A defect almost identi- 
cal to that in case 1 was identified and closed with 
6 interrupted figure-of-eight sutures of 3-0 black 
silk (fig. 4). The ventriculotomy was closed with 
continuous 3-0 black silk sutures. Cardiopul- 
monary bypass lasted only 6 minutes. Recovery 
after operation was satisfactory and a soft aortic 
diastolic murmur gradually disappeared after 
about 10 days. Roentgenograms of the chest 
showed no cardiomegaly or pulmonary vascularity 
(fig. 3b). Cardiac catheterization was repeated 28 
days after operation and no shunt was present 
(table 1). He was discharged on September 2, 1957, 
and has returned to work as a laborer. 


DISCUSSION 


Both cases of traumatic aortico-right ventric- 
ular fistula were secondary to penetrating 
knife wounds of the anterior chest in patients 
treated according to the principle of nonoperative 
therapy. In the first case signs of the intracardiac 
fistula were not present immediately after injury 
and the diagnosis was not established for over a 
month. In the second case the harsh continuous 
murmur and signs of cardiac decompensation 
developed almost immediately. Principal sub- 
jective manifestations of the lesions were similar 
in both patients and included chest pain, short- 
ness of breath on exertion and easy fatigability. 
The clinical findings were also similar including a 
harsh continuous murmur, increased pulse pres- 
sure, cardiomegaly, roentgenographic evidence 
of increased pulmonary vascularity, and catheteri- 
zation findings consistent with left to right shunt 
at the level of the ventricle. At operation the 
defects were demonstrated high in the outflow 


tract of the right ventricle and communicating 


with the aorta in the region of the right aortic 
sinus. Both defects were linear and easily closed 
with interrupted sutures through the right ven- 
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Fia. 5. Effect of repair on brachial blood pres- 
sure in two cases of traumatic aortico-right 
ventricular fistula. 


tricle during cardiopulmonary bypass. Following 
operation return to normal heart size has been 
demonstrated in both patients. Blood pressure 
has also returned to normal (fig. 5). 

In a series of 450 operations for various cardio- 
vascular lesions, we have operated successfully 
upon 4 patients with ruptured sinus of Valsalva 
producing aortico-ventricular fistulas. Operative 
repair of these lesions was identical with the 
repair used in the two fistulas produced by stab 
wound. Repair of such defects is apparently 
associated with excellent results. In view of the 
proven poor prognosis of acquired aortico- 
pulmonary fistulas," open repair of these lesions 
is always indicated. 


SUMMARY 


Penetrating wounds of the cardiac septa may 
result in acquired septal defects which may 
appear immediately after injury or become 
manifest a considerable period of time later. 
Two cases of aortico-right ventricular fistula 
following stab wound are described in which 
initial therapy was planned to follow nonopera- 
tive techniques. Subsequent operative repair 
was successful in both using cardiopulmonary 
bypass. The diagnosis in each case was made 
from clinical findings and confirmed by cardiac 
catheterization. 


George C. Morris, Jr., M.D. 

Baylor University College of Medicine 

Houston, Texas 
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ABDOMINAL REPAIR OF HIATAL HERNIA: A STUDY OF 138 CASES 


E. Stantey CrawrorpD, M.D., anp E. De Bakery, M.D.* 


Houston, Texas 


Although hiatal hernias may be effectively 
repaired by the abdominal or the thoracic 
route,'~? we have preferred the abdominal ap- 
proach in most cases. Such hernias are often 
associated with other intra-abdominal disease 
which is not always apparent despite careful 
study before operation. Transabdominal repair 
affords an opportunity for thorough abdominal 
exploration with simultaneous surgical correction 
of other lesions that may be causing symptoms 
or that may be even more dangerous to the pa- 
tient than the hernia. Many of these patients are 
elderly or obese, or have complicating medical 
diseases, such as emphysema, hypertension and 
arteriosclerotic heart disease. Such patients 
tolerate anesthesia and abdominal operations in 
the supine position better than they do thoracic 
operations in the lateral position. In our experi- 
ence convalescence after abdominal repair has 
been more rapid and smoother than that after 
thoracic repair. Postoperative pain, which may 
last for several months after thoracic operation, 
has not been a problem after abdominal operation. 
A simple and anatomically sound technique of 
transabdominal repair of hiatus hernia has been 
developed which can be safely employed in 
association with other necessary procedures 
even in patients considered moderate surgical 
risks. The purpose of this report is to present our 
experience with repair of hiatal hernias in 138 
patients during the last 714 years. 


CLINICAL MATERIAL 


These 138 patients represent approximately 
18 per cent of all patients with hiatal hernia seen 
in the Jefferson Davis, Methodist, and Veterans 
Administration Hospitals, Houston, Texas, from 
January 1951 to August 1958. The remaining 
72 per cent of patients were either asymptomatic, 
responded favorably to conservative measures, or, 
if significant symptoms persisted after conserva- 


*From the Cora and Webb Mading Depart- 


ment of Surgery, Baylor University College of - 


Medicine, and the surgical services of the Jeffer- 
son Davis, Methodist, and Veterans Administra- 
tion Hospitals, Houston, Texas. 
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tive treatment, had serious complicating medical 
diseases that contraindicated operation. All 
patients submitted to operation had had _per- 
sistent symptoms despite a period of conservative 
management. Hernia repair was not performed 
in any case secondary to another procedure 
merely as a prophylactic measure. 

Symptoms. Pain, the predominant symptom, 
occurred in all patients and was usually described 
as a burning sensation located in the upper part 
of the abdomen or substernal region (table 1). 
In 9 per cent of the patients the pain extended 
into the neck, shoulder or arm resembling anginal 
pain. The two diseases were differentiated in 
these cases by normal cardiac function and relief 
by herniorrhaphy. Regurgitation and alteration 
of symptoms by change in position were present 
in 26 per cent of the patients. 

Esophagitis and significant esophageal stenosis 
were present in 16 per cent of the patients treated 
by abdominal operation. In the majority of these 
patients esophageal obstruction was due to edema 
and esophageal spasm secondary to esophagitis. 
These complications did not present significant 
technical difficulties in the repair of the hernia. 
In those patients with moderate cicatricial 
stenosis, digital dilation of the esophagus was 
performed through a gastrostomy incision at the 
time of abdominal repair. Several patients had 
advanced peptic esophagitis, extensive esophageal 
stricture, and shortening of the esophagus. The 
irreversibility of the stenotic process was mani- 
fested in these patients by severe extensive 
changes demonstrated endoscopically and roent- 
genographically and by trial of medical treatment 
and bouginage. Most of these patients also had 
duodenal ulcers indicating the significance of 
hyperacidity in the pathogenesis of these disturb- 
ances. In view of the irreversible esophageal 
changes, irreducibility of the hernia resulting 
from rigidity of the fibrous esophagus, and exces- 
sive acid production in the stomach, neither 
normal esophageal function nor satisfactory 
reduction of the hernia could be expected regard- 
less of approach. Subtotal esophagectomy and 


“ol 
| 


&90 
TABLE 1 
Symptoms in 188 patients with hiatal hernia 
Symptom | Number | Per Cent 

| 130 | 100 

Altered by position........ 

Abdominal. ..............: % | 69 

Extension (neck, shoulder, | 

Regurgitation... 37 26 
Heamatemesis | 32 | 23 
10 


removal of the proximal two-thirds to three- 
fourths of the stomach with esophagogastrostomy 
and pyloroplasty were performed in such cases. 
The small number of patients treated in this 
manner is excluded from this study. 

Bleeding was often associated with hiatal 
hernia in this series of cases. Hematemesis oc- 
curred in 23 per cent, melena in 21 per cent, and 
occult blood loss manifested by anemia in 9 per 
cent of the patients. Although blood loss was a 
common feature of hiatal hernias, massive hemor- 
rhage producing shock has been rare in our 
experience. Such patients requiring emergency 
operation for the control of hemorrhage were 
found to have other lesions such as duodenal 
ulcer, gastric ulcer, gastritis, and tumors of the 
small intestine. The abdominal approach was 
indeed very effective in both the diagnosis and 
treatment of the associated lesions, which were in 
most instances unsuspected. Belching, fullness, 
and gaseousness, although considered common 
manifestations of hiatal hernia, were rare com- 
plaints in this group of patients. 

Age. The ages of the patients in this series 
ranged from 32 to 85 years, the largest number 
being between 40 and 70 years (fig. 1). More than 
one-third of the patients were older than 60 
years and despite the frequent association of 
complicating medical conditions, anatomic re- 
pair was successfully accomplished indicating 
that such palliative procedures as pneumo- 
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30-39 40.49 50.59 60-69 
AGE 


Fig. 1. Graph showing age incidence in 138 
patients with hiatus hernia treated by operation, 


cenerat Hospirat 


[_] veterans Hospirat 


NUMBER OF CASES 


FEMALE 


MALE 


Fic. 2. Graph showing sex incidence in 138 pa- 
tients with hiatus hernia treated by operation. 


peritoneum and phrenic nerve crush are rarely 
justified. 

Sex. There were more men than women in this 
series; however, if the patients treated at the 
Veterans Administration Hospital are excluded 
the incidence of women was higher (fig. 2). There 
was no sex difference in the general condition of 
the patient or incidence of associated lesions 
requiring simultaneous therapy, except cholecys- 
tectomy which was performed more frequently 
in women. 


TYPE OF REPAIR 


The transabdominal approach for the hiatal 
hernia repair was employed in 114 patients and 
the transthoracic route in the remaining 24 
patients in this series. During the last 5 years, 
however, the latter approach was used in only 4 
patients and was selected in these cases because 
of associated intrathoracic lesions requiring treat- 
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TABLE 2 


Annual Distribution of Operations for Hiatal 
Hernial Repair According to Approach 


Year Thoracic Abdominal 
1951 6 1 
1952 6 3 
1953 2 10 
1954 6 17 
1955 2 19 
1956 1 29 
1957 1 22 
1958 0 13 
24 114 


ment (table 2). Techniques described by Allison! 
and Sweet,” or modifications thereof, were used 
in the thoracic operations. The technique of 
abdominal repair employed in these cases is 
dmilar to that recently described by Beardsley,’ 
Myre and associates,® and Beretta and Jordan.’ 
The concept of hiatal narrowing behind the esoph- 
agus and reattachment of the esophagogastric 
junction to the under surface of the new hiatal 
opening has been long recognized as the important 
feature in the repair of this defect. These prin- 
ciples of repair have been applied in the abdom- 
inal operations, and in view of its simplicity and 
effectiveness in the management of this problem, 
the technique of operation is described in detail. 


TECHNIQUE OF ABDOMINAL REPAIR 


The abdomen is opened and thoroughly ex- 
plored through an-upper midline incision extend- 
ing from the xyphoid process to the umbilicus 
(fig. 3a). The region of the hiatus is exposed by 
retraction of the left lobe of the liver upward and 
to the right and of the stomach and transverse 
colon downward (fig. 3b). This maneuver reduces 
the hernia by drawing the stomach and lower 
esophagus into the abdominal cavity. The peri- 
toneal reflection overlying the region of the 
abdominal esophagus is incised transversely; 
the esophagus is mobilized by blunt dissection 
and encircled with umbilical tape using a Semb’s 
ligature carrier (fig. 3c). Downward and lateral 
traction is applied to the esophagus, and after 
the upper portion of the gastrohepatic ligament 
is divided, the superior and right margins of the 
hiatus are exposed by sharp dissection. The 
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Fia. 3. (a) Abdomen is opened through upper 

midline incision; (b) hernia is exposed by retract- 

ing liver medially and stomach downward. (c) 

Hernia is reduced by downward traction on 

stomach, and peritoneal reflection overlying 
region of esophagus is incised. 


Fig. 4. Esophagus is mobilized by blunt dis- 


‘section and encircled by umbilical tape. Margins 


of hiatus are exposed by sharp dissection shifting 
esophagus first to one side and then to the other. 


| 
— 
» 
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Fie. 5. (a) Esophagus is retracted laterally 
and medial and lateral crural margins of en- 
larged hiatus are approximated behind esophagus. 
In some patients both margins of hiatus cannot 
be exposed simultaneously. Accordingly, (b) 
with esophagus shifted medially sutures are first 
placed in left margin of hiatus. (c) Sutures are 
carried behind esophagus and placed in medial 
crural margin with esophagus retracted laterally. 


downward traction on the esophagus is shifted 
medially by the assistant and the left margin of 
the hiatus is exposed in a similar manner. After 
the entire hiatal opening has been completely 
exposed, repair can be accurately accomplished 
(fig. 4). The medial and lateral crural margins 
of the enlarged hiatus are approximated behind 
the esophagus with interrupted No. 1 silk sutures 
(fig. 5a). Both margins of the hiatus may be 
exposed and suturing” facilitated by retraction 
of the esophagus laterally. Traction on the first 
sutures conveniently brings in view the remaining 
portions of the hiatus to be sutured. If both 
margins of the hiatus cannot be exposed simul- 
taneously, the left margin is exposed by retrac- 
tion of the esophagus medially (fig. 5b), and after 
the sutures have been placed in this side, the 
esophagus is shifted laterally to expose the right 
margin. The medial ends of the sutures are then 
carried behind the esophagus with a Semb’s 
ligature carrier, and after needles have been 
reapplied to the sutures the exposed right margin 
is sutured (fig. 5c). Sutures are placed and tied 
until the hiatus is narrowed to admit the esoph- 
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Fic. 6. (a and b) Operation is completed by 
attachment of esophagogastric junction to under- 
surface of new hiatal opening. 


agus, a No. 16 Levin tube inserted preopera- 
tively, and the operator’s index finger. In order 
to restore the valve-like function of the hiatus, 
it is important that the margins of the hiatus 
continue to act as a sling in the right crus of the 
diaphragm; consequently, sutures are not placed 
in the hiatus anterior to the esophagus. This pre- 
caution also prevents excessive narrowing of the 
hiatus and subsequent esophageal obstruction. 
Large sutures are essential both for the strength 
provided by such material and to prevent cutting 
of muscle frequently caused by fine sutures in 
this region. In most of our patients repair was 
accomplished by 2 to 4 such sutures. 

The final step is attachment of the esophago- 
gastric junction to the under surface of the new 
hiatal opening. This is accomplished by employ- 
ing 6 to 8 #0 silk sutures which are passed 
through the redundant peritoneum and seromus- 
cular layer of the esophagogastric junction on one 
side and the peritoneum and musculotendonous 
tissues on the diaphragmatic side. When these 
sutures are tied, the redundant peritoneum of the 
hernial sac is embricated, the peritoneal incision 
is partially closed and the esophagogastric junc- 
tion becomes firmly attached to the under surface 
of the diaphragm (figs. 6 and 7). Reuniting the 
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. gastrohepatic ligament completes closure of the 


peritoneal incision. 


ASSOCIATED INTRA-ABDOMINAL PROCEDURES 


There were 57 abdominal lesions associated 
with hiatus hernia in the 114 cases submitted to 
abdominal repair. In the majority of cases the 
presence of these lesions was known before opera- 
tion. Of these, chronic gallbladder disease was the 
most common, being present in 22 patients (19 
per cent). Other conditions that were known to 
be present before operation were aortic aneurysm 
in 5, duodenal and gastric diverticula in 4, 
abdominal wall hernia in 8, pelvic tumors in 3, 
and duodenal ulcer in 1 patient. In 14 patients 
serious lesions were found at operation that were 
not suspected despite thorough study before 
operation. In 3 of these cases, the disease was 
malignant involving the colon in 2 and the kidney 
in 1 case. The lesions in the 11 remaining cases 
included duodenal ulcer in 4, gastritis in 2, gastric 
ulcer in 1, leiomyoma of the small intestine in 3, 
and polyp of the jejunum in 1 patient. The 
significance of the latter findings lies in the fact 
that this group of patients represents approxi- 
mately 33 per cent of the cases submitted to 
operation for bleeding considered before opera- 
tion to be caused by hiatal hernia. In addition 
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Fig. 7. Roentgenograms showing (a) large hiatal hernia repaired (b) by abdominal operation 


to the appropriate operative procedure employed 
for these diseases, appendectomy was performed 
in 47, gastrostomy and digital esophageal dila- 
tation in 9, and bilateral lumbar sympathectomy 
in 1 patient (table 3). 


RESULTS 


The 2 deaths in this series occurred in patients 
having repair by the transthoracic route. One 
death was due to myocardial infarction and the 
other to unrecognized gangrenous obstruction 
secondary to disruption of the diaphragmatic 
incision used in the Allison technique.' The dura- 
tion of hospitalization after operation varied 
with the type of operation. Thus, 65 per cent of 
patients having abdominal repair were dis- 
charged from the hospital within 7 to 10 days 
whereas 85 per cent of patients having trans- 
thoracic repair remained for longer periods of 
time (fig. 8). All patients have been carefully 
followed since operation. Late death has occurred 
in 4 patients, 1 from carcinoma and 3 from cardio- 
vascular disease. Herniation recurred in 4 
patients who had abdominal repair and in 2 who 
had thoracic repair. Symptoms were relieved in 
all patients successfully treated by abdominal 
operation and a second operation for such lesions 
as cholelithiasis, duodenal ulcer, or appendicitis 


j 
er 
s, 
Is 
i 


894 


TABLE 3 
Associated Procedures Performed During Abdom- 
inal Repair of Hiatal Hernia in 114 Cases 


Operation Number Per Cent 
Appendectomy............... 47 41 
Cholecystectomy............ 22 19 
Gastrostomy and esophageal 

Repair incisional hernia...... iy 6 
Resection aortic aneurysm... 5 [oe 
Duodenal diverticulectomy... 3 
Removal intestinal _leio- 

Sigmoid colostomy........... 1 
Left colectomy.............. | 1 0.8 
Gastric diverticulectomy..... 1 0.8 
Hysterectomy. .............. 1 0.8 
Gastroenterostomy.......... 1 0.8 
Oophorectomy............... 1 | os 
Umbilical herniorrhaphy..... 1 | 038. 
Excision of jejunal polyp. ... 1 
Bilateral lumbar sympathec- 

100 repair 
[_] THORACIC REPAIR 

% 65 

60F 

Z 4ob 35 


WITHIN 10 DAYS MORE THAN 10 DAYS 


Fic. 8. Graph showing duration of hospital 
stay in 138 patients with hiatus hernia treated by 
operation. 


has not been required in these cases. On the other 
hand 3 patients who had transthoracic repair 
later required another operation for complete 
relief of symptoms; 2 of these had cholecystec- 
tomies and 1 gastrectomy. 


DISCUSSION 


Several problems ordinarily imposed by the 
surgical management of hiatal hernia were 
solved in the majority of cases in this series by 
employing operation through the abdomen. The 
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most troublesome of these was the problem of 
determining the true clinical significance of the 
hernia. Although all patients had symptoms 
characteristic of hiatal hernia, it was impossible 
to be always certain that the hernia was the 
source. In the first place even large hernias may 
occur without symptoms, and in the second 
place, the symptoms usually ascribed to hiatal 
hernia may be produced by other intra-abdominal 


lesions. In fact, thorough studies performed | 


before operation did frequently reveal such con- 
ditions. Under these circumstances it would have 
been impossible to expect complete relief in many 
cases without simultaneous treatment of both 
abnormalities. The location and extent of the 
lesions in these cases required operation through 
the abdomen. 

In a second group of patients, the hiatus hernia 
was the only lesion found by studies before 
operation. Bleeding was one of the indications 
for operation in 31 of these cases. Although this 
complication is frequently associated with hiatus 
hernia, it was recognized that gastrointestinal 
bleeding may occur from other lesions which 
may not be apparent from barium studies of the 
gastrointestinal tract. For this reason, abdominal 
operation was employed and other lesions which 
were the source of bleeding were found in 11 or 
approximately 33 per cent of the cases with 
bleeding considered before operation to be caused 
by the hernia. In 3 other patients unsuspected 
malignant lesions were found again emphasizing 
the frequent incidence of abdominal pathologic 
conditions in this age group. 

If the operation is to be performed through the 
abdomen, the second consideration is technical 
and is concerned with the repair of the mechanical 
defect and restoration of normal relationship of 


the diaphragm, esophagus, and stomach by this _ 


route. The defect in these cases is primarily an 
enlargement of the esophageal hiatus located in 
the right crus of the diaphragm. The margin of 
this defect is shaped like a sling, the limbs of 
which originate on the posterior abdominal wall 
from the ligaments of the anterior and antero- 
lateral surfaces of the lumbar vertebrae. Because 
these structures are part of the posterior abdomi- 
nal wall, they are readily accessible from the 
abdomen. The hernia is easily repaired by 
retracting the stomach and abdominal esophagus 
into the abdomen and approximating the margins 
of the hiatus behind the esophagus. Reattach- 
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ment of the esophagogastric junction to the 
under surface of the new hiatus completes resto- 
ration of the normal relationship of the organs 
involved. The effectiveness of this technique in 
the management of the problems presented by 
patients with hiatal hernia is evident in this 
series of 114 patients by the extremely low inci- 
dence of recurrence (3.5 per cent) and the safety 
with which it may be combined with other 
abdominal procedures. 


SUMMARY 


During the past 714 years hiatal hernia has 
been treated surgically in 138 patients who had 
not been relieved by other measures. The ages of 
these patients ranged from 32 to 85 years with 
more than one-third being over 60 years of age. 
There were more men than women in this series, 
but if the patients from the Veterans Adminis- 
tration Hospital were excluded, there were more 
women. All patients complained of pain. Dys- 
phagia and bleeding were complaints of more than 
35 per cent of the patients. The transthoracic 
approach was used in 24 patients and the ab- 
dominal in 114. The former route was used in 
the majority of the early cases, but during the 
past 4 years this approach has been employed 
only in patients having other thoracic lesions. 
The increasing preference for repair by the 
abdominal route has been caused by the frequent 
association of other lesions such as cholelithiasis, 
duodenal ulcer, and leiomyoma of the intestine. 
In such cases associated lesions may be surgically 
treated at the same time that the hernia is 
repaired if the abdominal route is employed. 

The hernia is repaired through an upper 
abdominal midline incision after the hiatal region 
is exposed by retraction of the liver medially 
and the stomach downward. Retraction of the 
stomach downward reduces the hernia and per- 
mits exposure of the hiatus through an incision 
in the peritoneum between the esophagogastric 
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junction and the diaphragm. This exposure is 
completed by encircling the esophagus with 
umbilical tape for traction and dissecting the 
retroperitoneal fibrofatty tissue from the lateral 
margins of the hiatus. The hiatus is reduced to 
normal size by approximating the lateral margins 
behind the esophagus and suturing the esophago- 
gastric junction to the under surface of the new 
esophageal opening. 

The 2 deaths in this series occurred in the 
patients treated by transthoracic repair; one was 
due to myocardial infarction, and the other to 
disruption of the diaphragmatic incision. Hiatal 
hernias recurred in 2 patients who had thoracic 
repair and in 4 who had abdominal repair. Symp- 
toms were relieved in all patients who had suc- 
cessful abdominal repair; however, 3 patients 
who had thoracic repair later required chole- 
cystectomy in 2 and gastrectomy in 1 for relief 
of symptoms. 


E. Stanley Crawford, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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THE SURGICAL TREATMENT OF CHARCOT’S SPINE: 
REVERSAL OF CHARCOT’S ARTHROPATHY OF THE SPINE WITH 
COMPLETE BONE AND JOINT HEALING AFTER 
SOLID EXTRA-ARTICULAR FUSION 


B. F. Boytston, M.D., anp R. STEPHENSON, M.D.* 


Houston, Texas 


Since Charcot’s description of tabetic arthrop- 
athies in 1868, numerous papers have been 
published. Charcot’s disease of the spine has, in 
the past, been considered to be a rare condition, 
but a review of the literature yields numerous 
case reports. 

In addition to local symptoms from the Char- 
cot spine, the process may well cause neurologic 
signs other than those evident from posterior 
column disease. Long tract signs of motor weak- 
ness, sensory loss, and loss of sphincter control 
may result from repeated trauma to the cord or 
cauda equina as a result of gross instability of the 
spine. The joint disintegration evidenced in the 
roentgenogram by sclerosis, bone destruction, 
fragmentation, and soft tissue calcification are 
progressive if untreated. The end result may well 
be invalidism for the patient. In the following 
cases we have had an opportunity to observe the 
clinical course and roentgenographic changes of 
patients with Charcot’s disease of the spine, both 
in the untreated case and after a solid extra- 
articular fusion. 


REVIEW OF LITERATURE 


The cases of Charcot’s spine in the literature 
were reported chiefly as interesting and rare cases 
without contributing materially to the manage- 
ment of this disease. In 1952, Thomas!" reviewed 
the literature on Charcot’s spine, but added 
nothing to the management of the disease. Of 
those recommending treatment, the majority 
recommend conservative treatment consisting 
of bedboards and spine braces.’: Several 
authors have passively suggested surgery on 
these patients, but few have performed it. 

Key® reports apparent fusion of the lumbar 
spine with tabetie arthropathy following a Hibbs 
fusion operation. This relieved the patient from 


*From the Cora and Webb Mading Depart- 
ment of Surgery, Division of Orthopedic Surgery, 
Baylor University College of Medicine, Houston, 
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his tabetic lancinating pain, but the patient died 
before ambulation. Another fusion reported by 
Key and performed by Brooks became ambula- 
tory. Steindler® reports a case whereby the tabetie 
arthropathy of the spine appeared arrested fol- 
lowing a Hibbs fusion. Pomeranz and Rothberg’ 
fused a Charcot’s cervical spine and report a 
fusion operation on a Charcot’s lumbar spine, 
but this patient was still hospitalized at the time 
the paper was published. Weinberg”? reports two 
cases fused by Albee’s method with relief of pain 
and return to activity. 


Diez and Michans*:*: * report two cases of | 


Charcot’s spines successfully treated by Albee 
fusions. Both of these cases had radicular leg 
pain and motor paresis before surgery. These long 
tract signs disappeared after the fusion and the 
patients became ambulatory. In one case these 
authors mention a decrease of the destructive 
process following the fusion. Caeiro!: 2 reports one 
case of Charcot’s spine treated surgically by an 
Albee fusion. This patient had had recurrent 
bouts of motor paresis and paralysis of the lower 
extremities which would improve with long 
periods of bed rest. After three such episodes of 
motor paresis, the fusion was performed, follow- 
ing which the patient maintained long tract fune- 
tion with ambulation. At 11 months postopera- 
tively, Caeiro reports a complete fusion from the 


fourth lumbar vertebra to the sacrum in this — 


case. 

The symptomatic results of all of the above 
cases appeared to have been improved following 
the arthrodesing operations. However, the Eng- 
lish literature fails to describe reversal and heal- 
ing of the Charcot process or the presence of long 
tract signs in Charcot’s spines; only Steindler 
mentioned arrest of the Charcot process following 
fusion. 


CASE REPORTS 


Case 1. R. S., a 45-year-old man, was first seen 
June 27, 1951, at Jefferson Davis Hospital. His 
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Fig. 1 


complaints were loss of bowel and bladder control, 
difficulty walking and progressive numbness from 
the toes to the groins. Examination at that time 
revealed Argyll Robertson pupils, loss of anal 
sphincter tone, loss of deep tendon reflexes to the 
lower extremities, position and vibratory sense 
loss, and a positive Romberg’s sign. Blood and 
spinal fluid serologic tests for syphilis were re- 
ported positive with a mid-zonal spinal fluid 
Lange. Roentgenograms of the lumbar spine re- 
vealed tabetic arthropathy of the first through the 
fifth lumbar vertebrae, manifested by marked 
sclerosis of the second, third, fourth, and fifth 
lumbar vertebrae, loss of the second and third 
lumbar dise space, decrease in the fourth lumbar 
dise space, osteophyte formation, vertebral body 
destruction, and soft tissue calcification (fig. 1). 
The patient was treated with Bismuth, 1.0 ce. 


intramuscular, for two days, and with penicillin, 
300,000 units four times a day, for 21 days. Follow- 
ing this antiluetic therapy, it was recommended 
that he wear a Taylor-Knight back brace at all 
times. He was discharged on July 22, 1951. 

Two months after this discharge he was read- 
mitted to the Orthopedic Service with persistence 
of all the symptoms of the first hospitalization, 
plus a two-week history of marked weakness in 
the lower extremities. Examination at this time 
revealed all the above mentioned signs of tabes 
dorsalis, plus marked weakness of the legs, loss of 
pin-prick sensation below the first lumbar derma- 
tome and loss of sphincter tone. On October 13, 
1951, a lumbar spine fusion of the first to the fifth 
lumbar vertebrae was performed using massive 
autogenous tibial grafts wired to the roots of 
the respective spinous processes with eighteen 


ig 
of 
A- 
e 
n 
‘ 


898 


Fig. 2 


gauge wire. Additional autogenous iliac bone was 
added to the laminal area. Postoperatively he 
was kept on a Stryker frame 103 days. During 
this period he had progressive return of motor 
power, sensation and sphincter control. He was 
discharged with a Taylor-Knight back brace, but 
he failed to return for follow-up for over 5 years. 
Upon return he stated that he had worn the 
brace for 6 months, and then discarded it. Until 
2 weeks prior to his return, he denied any mus- 
cular weakness, sensory loss, sphincter disturb- 
ance or pain during this 5-year period in which 
he worked as a farmer. 

The patient returned in April of 1957 with com- 
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plaints of a return of muscular weakness of the 
lower extremities following a long day of work in 
a vegetable field (fig. 2). Examination again re- 
vealed all the signs of tabes dorsalis, marked 
weakness of both lower extremities, loss of pin- 
prick sensation below the knees, and decreased 
sphincter tone. Blood and spinal fluid serologic 
tests for syphilis were reported as positive, with a 
mid-zonal spinal fluid Lange. Roentgenograms re- 
vealed a solid arthrodesis of the first to the fifth 
lumbar vertebrae with interbody fusion of the first 
to the fourth lumbar vertebrae, complete healing 
of the destructive process, and resolution of the 
vertebral body sclerosis (fig. 3a, b, ¢). There were 
new Charcot’s joints at the lumbosacral level (fig. 
3b) and from the tenth to the twelfth dorsal verte- 
brae (fig. 4a, b). In addition, the right ankle re- 
vealed changes consistent with a diagnosis of a 
Charcot’s joint (fig. 5). The patient’s long tract 
signs have somewhat regressed on bed rest since 
hospitalization. 

Case 2. W. P., a 43-year-old man, was first seen 
at Jefferson Davis Hospital on September 15, 1948, 
with pains radiating down both lower extremities, 
and across his back and abdomen. He gave a his- 
tory of having a positive serologic test for syphilis 
as early as 1936, and has received adequate anti- 
luetic therapy with several courses of penicillin. 
Examination revealed rather classical signs of 
tabes dorsalis. Serologic tests for syphilis on blood 
and spinal fluid were reported as positive with a 
first zone Lange gold curve. A diagnosis of tabetic 
crisis was made, and the patient was referred to 
the Venereal Disease Clinic. 

From December 22, 1953 to March 2, 1954, the 
patient was hospitalized in an out-of-state hos- 
pital. His complaint upon admission to this hos- 
pital was paralysis of the left lower extremity of 12 
hours duration without trauma. Roentgenograms 
of the lumbar spine revealed destructive changes 
of the fourth and fifth lumbar vertebrae compati- 
ble with Charcot’s spine. Lumbar myelography 
was reported to show a large filling defect on the 
left from the fourth lumbar vertebra to the 
sacrum, probably due to inflammatory tissue. On 
February 13, 1954, the patient had laminectomies 
of the fourth and fifth lumbar vertebrae exposing 
an extradural mass (described as inflammatory 
tissue by the surgeon), anterior and to the left of 
the dura, pressing on the left fifth lumbar nerve 
root. It also appeared to grow into the body of 
the fourth lumbar vertebra. The mass was re- 
moved, and a posterior rhizotomy performed on 
the fifth lumbar root. A review of the microscopic 
sections along with the patient’s clinical course 
since surgery indicates that this mass was chroni¢ 
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inflammatory tissue. Following surgery the pa- 
tient’s pain was decreased, but the paralysis per- 
sisted. In addition, the patient had right leg weak- 
ness. He became ambulatory on crutches, and the 
left leg weakness improved somewhat with time. 
On May 6, 1955, the patient was readmitted to 
Jefferson Davis Hospital to the Neurosurgical 
Service with complaints of increased back and leg 
pains, and increased weakness of the lower ex- 
tremities. Examination revealed signs of tabes 
dorsalis with the addition of bilateral, generalized 
leg weakness. Roentgenograms of the lumbar spine 
revealed marked degenerative changes of the 
bodies of the fourth and fifth lumbar vertebrae 
consistent with tabetic spinal arthropathy (fig. 
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6). Lumbar myelography revealed an irregular 
filling defect on the left side from the third lumbar 
vertebra to the sacrum. Spinal fluid serology was 
again positive. On May 16, 1955 the patient was 
re-explored, performing a laminectomy from the 
third lumbar vertebra to the sacrum. Dense scar- 
ring was found extradurally, and upon opening 
the dura extensive arachnoiditis was evident. 
Postoperatively the patient’s pain was again de- 
creased, but his long tract signs of weakness and 
sensory impairment persisted. 

In July of 1955 the patient sustained a tri- 
malleolar fracture of the left ankle, and in October 
of 1955 he sustained a left supracondylar femoral 
fracture, both from negligible trauma. These 


— 
‘ 
q 
> = 
— 
4 
4 
| 


902 B. F. BOYLSTON AND CHARLES R. STEPHENSON 


Vol. 24 


Fia. 5 


probably represent pathologic fractures through 
early Charcot’s joints. The ankle fracture pro- 
gressed to a malunion and the supracondylar 
femoral fracture progressed to complete disinte- 
gration and a nonunion (fig. 7). The patient has 
also developed pathologic fractures of the meta- 
tarsals of both feet, progressing to nonunions and 
malunions. 

In July, 1957, the patient was re-evaluated. His 
complaints were an unstable gait, dull pain in the 
left knee, occasional shooting pains into both lower 
extremities, and marked weakness of both lower 
extremities. Examination revealed an unstable 
stance, positive Romberg’s test, decreased vibra- 
tory and position sense of the right lower extrem- 
ity, absent vibratory and position sense of the left 
lower extremity, marked motor paresis of both 
lower extremities, and a flat lumbar spine. Roent- 
genograms of the lumbar spine revealed progres- 
sion of the Charcot’s process as compared to the 
films in 1955 (fig. 8). Blood serologic tests for 
syphilis were reported as positive. Spinal fluid 
serologic tests for syphilis were reported as nega- 
tive with a mid-zonal Lange gold curve. 

Case 3. C. M., a 57-year-old man, was first seen 
by the Orthopedic Service at Jefferson Davis Hos- 


pital on October 10, 1949. He gave a history of a 
bumper injury to the right knee two years previ- 
ously. From 6 months post-injury to the date of 
hospital admission, he gave a history of increasing 
pain, swelling and instability of the knee. The 
history was elicited of a chancre in 1933, treated 
with a 3-month course of intramuscular injections. 
He had a known positive serologic test for syphilis 
in 1946. Examination revealed a large, swollen, un- 
stable right knee with palpable joint mice. His 
pain was proportionately much less than one might 
expect from the degree of instability. He demon- 
strated positive blood and spinal fluid serologic 
tests for syphilis. A diagnosis of Charcot’s knee 
joint was made, and on September 6, 1950 a 
Charnley knee fusion was performed which went 
to a solid arthrodesis. In August, 1952 the patient 
sustained a closed fracture of the upper one-third 
of the left femoral shaft. This was treated with an 
intramedullary rod. The rod subsequently frac- 
tured at the fracture site of the bone, and the 
fracture of the femur progressed to a nonunion 
(fig. 9). 

Lumbar spine films were made on this patient in 
December, 1955, after the patient complained of 
back and right leg pain. These films revealed de- 
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generative changes consistent with a Charcot’s 
spine (fig. 10). 

In July, 1957, this patient was re-evaluated, 
presenting complaints of crepitus and mild pain in 
the left thigh, radiating pain down the right lower 
extremity from the groin to the toes, weakness of 
the right lower extremity, crepitus with mild pain 
of the back, and difficulty with his balance. Exam- 
ination revealed an unstable crutch gait, three 
inches shortening of the left lower extremity, a 
palpable nonunion of the left femoral fracture, de- 
creased position and vibratory sense of the lower 
extremities, absent deep tendon reflexes of the 
lower extremities, hyperesthesia of the right fifth 
lumbar dermatome, weakness of the right anterior 


tibial and extensor hallicus longus muscles, and a 
flat lumbar spine. Roentgenograms of the lumbar 
spine showed progression of the Charcot process 
as compared to the films in 1955 (fig. 11). He 
demonstrated a positive blood serologic test for 
syphilis and a negative spinal fiuid serologic test 
for syphilis with a first zonal Lange. 


DISCUSSION 


These cases serve to support the theory that 
the changes of sclerosis, bone destruction, frag- 
mentation, and soft tissue calcification in tabetic 
arthropathy of the spine, are the result of re- 
peated trauma to joints unable to compensate for 
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this trauma due to loss of afferent proprioceptive 
nerve impulses. These bone changes are reversible 
by absolute immobilization produced by a solid 
extra-articular arthrodesis, and are capable of 
withstanding normal activity as was shown in 
case 1 (fig. 3 a, b, ce). Likewise, the destructive 
process in Charcot’s spines are progressive if un- 
treated. Case 2 and 3 have both progressed in 
spite of the fact that both have been only wheel 
chair and crutch ambulatory, and have been at 
bed rest the greater portion of the time (figs. 6, 
8, 10, 11). Cases 2 and 3 did not have spine fu- 
sions since both presented perplexing nonunions 
of the lower extremities preventing ambulation. 
Neither have shown advance in long tract signs 
on wheel chair ambulation. 

The marked spine instability caused by the 
bone destruction in Charcot’s spines causes re- 
peated trauma to the cord or cauda equina with 
resultant long tract signs of motor paresis, sensory 
impairment and sphincter disturbances. All of 
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the cases presented demonstrate some degree of 
long tract signs. These long tract neurologic 
changes are also reversible by a solid fusion as 
shown by case 1. It is believed that the paresis 
of the lower extremities in cases 2 and 3 were 
likewise due to spine instability and repeated 
cauda equina trauma. Spinal fusion in case 2, in 
addition to or even in place of the decompression 
laminectomy, may have reversed this patient’s 
long tract signs. 

Steindler® has shown the sclerotic changes are 
reversible when the sclerotic condyles of a tabetic 
knee sublux, thereby relieving the exerting pres- 
sure. The principle of absolute immobilization by 
solid extra-articular arthrodesis, allowing revas- 
cularization of the sclerotic bone as shown in 
case 1, rather than a direct approach to the 
sclerotic bone in an attempt at fusion, may be 
applicable to other joints, e.g., the ankle. 


SUMMARY 


1. Solid extra-articular fusion of a Charcot’s 
spine results in complete healing of the disinte- 
grated vertebral bodies and intervertebral joints. 

2. The destructive process in an unfused 
Charcot’s spine will progress in spite of limited 
activity. 

3. Marked disintegration of the vertebrae in 
Charcot’s spine results in gross instability. This 
instability allows repeated cord or cauda equina 
trauma with development of motor paresis, 
sensory loss and loss of sphincter control. 

4. These neurologic changes are completely 
reversible by solid extra-articular arthrodesis in 
Charcot’s spine. 

5. Laminectomy alone would not seem indi- 
cated in the presence of long tract signs and 
sphincter disturbance. 

6. Surgical fusion for the Charcot’s spine is 
feasible, and may return these invalid patients 
back to self-support. 

7. When possible, extra-articular fusion in 
other Charcot’s joints, such as the ankle, may be 
the preferable operation. Revascularization and 
complete healing of dense, sclerotic bone as seen 
in Charcot’s joints can occur. 


B. F. Boylston, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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LUMBAR INTERVERTEBRAL DISC RUPTURE: DIAGNOSIS, SURGICAL 
TREATMENT AND COMPLICATIONS 


F. Kerru Braprorp, M.D.* 


Houston, Texas 


In the 20-odd years since Mixter and Barr® 
focused attention on the lower two lumbar 
intervertebral discs as a common source of 
unilateral sciatic pain, our knowledge of ruptured 
lumbar intervertebral disc has increased signif- 
icantly. The evolution of the ruptured interverte- 
bral disc as an accepted clinico-pathologic entity 
occurred gradually, with contributions to various 
phases of the subject by many authors.?: 

The premature “aging” of the intervertebral 
disc plays an important part in the incidence, 
although superimposed trauma more often than 
not precipitates actual lumbar disc rupture. A 
review of 6500 operated lumbar discs at the 
Mayo Clinic disclosed only 60 patients below the 
age of 18 years. The youngest patient was 12 
years of age, and there were only 5 patients 
between 12 and 15 years of age. The maximum 
incidence is in the fourth, fifth, and sixth decades, 
and the average patient is in his early forties. 
The presence in the same patient of both lumbar 
and cervical intervertebral dise deterioration is 
frequently observed. Although occasionally pre- 
disposition may exist in one individual, it 
appears more likely that coincidental presence of 
pathologic changes in the two areas is due simply 
to the high incidence of such changes in both 
areas. 

It is wise to emphasize at this point that lumbar 
intervertebral dise rupture with nerve root com- 
pression is but one phase of lumbar disc deteriora- 
tion. Deterioration of lumbar discs often occurs 
without producing any symptoms. Intermittent 
episodes of back disability, often with some 
reference of pain to the lower extremities, occur 
many times more frequently than actual nerve 
root compression. 

An intervertebral dise can rupture, extruding 
fragments of nucleus pulposus beneath a nerve 
root, only when the annulus fibrosus is torn or 
defective. Fragments of annulus fibrosus may 
contribute to the nerve compression, but extru- 

*From the Cora and Webb Mading Depart- 
ment of Surgery, Division of Neurological Sur- 


gery, Baylor University College of Medicine, 
Houston, Texas. 


sion of nucleus pulposus toward the area of the 
defect in the annulus fibrosus is the rule. Roent- 
genologic changes at the site of a ruptured dise 
are usually limited to slight to moderate narrow- 
ing and slight spur formation. Often there are no 
roentgenologic changes, and extreme degrees of 
spondylosis are unusual. 


DIAGNOSIS 


In making the diagnosis of posterolateral 
rupture of the annulus fibrosus with herniation 
of the nucleus pulposus, it is necessary first to 
exclude tentatively those patients who have back 


disability alone. The low back pain in these 


patients is uniformly greater than any referred 
pain. Referred pain (in contrast to pain originat- 
ing from nerve root involvement) is most fre- 
quently bilateral, and it usually does not extend 
below the knee. The intensity of pain is greatest 
in the back and becomes less as it extends to the 
gluteal regions or into the lateral or posterior 
thighs. Reference of pain in severe back sprains, 
which probably amount to tears in the annulus 
fibrosus; may also be to the lower abdomen, 
groin or testicle. In acute back injuries, even with 
no nerve root involvement, the back pain is 
increased by coughing, sneezing or straining. The 
severity of pain is often as great or greater during 
the acute stage of severe sprains than in ruptured 
discs. Of course, it is possible that the patient 
with an acute back sprain will subsequently 
develop nerve root compression, but the diagnosis 
of ruptured dise should be withheld until there is 
evidence of nerve root compression. 

The development of severe, unilateral sciatic 
pain in the course of a back disability is char- 
acteristic of ruptured lumbar intervertebral disc. 
Early in the course, relief is often obtained by 
lying down. Coughing or sneezing intensifies the 
pain, most usually in the gluteal region. Points of 
maximum pain are usually present along the 
upper course of the sciatic nerve, but usually a 
significant portion of the pain extends below the 
knee. True bilateral sciatic pain is present in less 
than 5 per cent of patients with ruptured disc. 
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Too frequently, patients with acute back sprain 
are reported to have bilateral sciatica when there 
is only bilateral referred pain in the gluteal and 
upper thigh regions with predominating back 
pain, not a nerve root syndrome at all. Since 
severe, persistent sciatic pain, accentuated by 
coughing and sneezing, is presumptive evidence of 
a ruptured lumbar disc, it is important not to 
confuse true sciatic pain with pain of other 
distributions. 

Some positive findings of a general nature are 
usually present in ruptured lumbar disc. Oblitera- 
tion of lumbar lordosis, sciatic scoliosis, accentua- 
tion of leg pain by forward bending and by hyper- 
extension, reproduction of pain by firm para- 
yertebral pressure and by jugular compression, 
and a positive Laségue test will often be present. 
When raising the contralateral leg accentuates the 
sciatic pain, it is quite suggestive of a ruptured 
disc, and has been termed a “crossed Laségue 
test.”’ 

More specific findings referable to involvement 
most usually of the fifth lumbar or first sacral 
nerve root are often present. It must be remem- 
bered that ruptures at the fourth lumbar disc 
generally compress the fifth lumbar nerve. Dyses- 
thesias in the lateral leg and big toe and moderate 
weakness in the dorsiflexor muscles of the toes 
often result. There may be involvement of lower 
roots also in some instances. Rupture of the 
lumbosacral disc characteristically compresses 
the first sacral nerve. The dermatome is large, 
and both subjective and objective sensory 
changes occur frequently in the posterolateral leg 
and lateral foot. The ankle jerk is frequently 
diminished or absent, and muscular weakness is 
occasionally evidenced by inability to rise to the 
toe on the affected side. There is much conflict 
in the literature on the value of these localizing 
signs, but there can be no doubt about their value 
if only definite changes are recorded. There is 
often some segmental confusion when a patient 
has 4 or 6 lumbar vertebrae or has a transitional 
vertebra at the lumbosacral junction. The 
diagnostic and localizing value of certain symp- 
toms and signs has been analyzed for the last 100 
consecutive operated patients. 


ANALYSIS OF FINDINGS 


In this group of 100 consecutive patients oper- 
ated upon, 51 showed rupture at the 4th lumbar 
intervertebral disc and 37 showed rupture at the 
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lumbosacral disc. Two had multiple herniations, 
and 1 herniation was at the third lumbar disc. 
Nine operations were considered negative explora- 
tions, and in 6 of the patients classified above as 
ruptures the findings were in some doubt. The 
number of multiple herniations appears small 
and does not reflect the true number of patients 
in whom more than one intervertebral dise was 
enucleated. In 19 patients both the fourth and 
fifth discs were explored, and in 9 patients both 
dises were enucleated. The third and fourth 
lumbar dises were explored in 3 instances and the 
3 lowest intervertebral discs in 2 patients. Bilat- 
eral explorations were made at the same level in 3 
patients, with the findings of rupture on only one 
side, although these discs were entered bilaterally. 

The ankle jerk was lost in 62 per cent of 37 
lumbosacral intervertebral disc ruptures and 
diminished in an additional 30 per cent. In con- 
trast, the ankle jerk was lost in only 8 per cent of 
51 fourth lumbar ruptures and diminished in an 
additional 16 per cent. Dorsiflexor weakness of 
the toes (especially the big toe) was present in 53 
per cent of fourth lumbar herniations but in 
only 14 per cent of lumbosacral herniations. 

Sciatic scoliosis was present in 26 operated 
patients, but in 3 of these patients the findings 
were doubtful. Although in the presence of 
severe sciatic pain sciatic scoliosis is almost 
pathognomonic of ruptured disc, it is also well 
known that sciatic scoliosis can occur in back 
disability without there being nerve root involve- 
ment. Sciatic scoliosis is of localizing value in 
that it occurred in 40 per cent of fourth lumbar 
ruptures and in only 16 per cent of lumbosacral 
ruptures. 

Sciatic pain was almost uniformly present, and 
was bilateral in 3 patients. Back pain was greater 
than sciatic pain in 2 of 5 patients upon whom 
combined intervertebral dise and spinal fusion 
operations were performed, in 2 negative explora- 
tions which were prompted by myelography, and 
in 2 typical ruptured dises. 

Accentuation of paravertebral, hip or leg pain 
by coughing and sneezing was absent in only 8 of 
85 patients with proved frank lesions, whereas it 
was absent in 8 of the 15 patients (9 negative 
and 6 questionable) without clearly recognizable 
pathologie change in the intervertebral discs. 
In many of the patients with accentuation of 
radiating pain by coughing and sneezing, the 
jugular compression test was positive. During the 
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stage of acute back sprain, accentuation of back 
pain alone by coughing, straining or sneezing 
does not reflect nerve root involvement. 

Sensory findings are of considerable importance 
both in making the diagnosis of ruptured inter- 
vertebral dise and in localizing the level of the 
lesion. However, a considerable error is intro- 
duced if the effort is made to explain extensive 
hypesthesia or anesthesia of a painful extremity 
on the basis of radicular involvement. Suggestion 
or hysteria is usually the source of such extensive 
apparent changes. When the ankle jerk is 
diminished or absent, the added finding of 
hypesthesia of the first sacral dermatome is 
excellent confirmatory evidence of lumbosacral 
herniation. Hypesthesia in the small fifth lumbar 
dermatome is especially suggestive of a fourth 
lumbar herniation if there is dorsiflexor weakness 
of the toes and little or no change in the ankle 
jerk. 

Knee jerk diminution rarely occurs in fourth 
lumbar herniation, but may result from third 
lumbar herniation. A patient in acute pain often 
appears to have alteration of the knee jerk, which 
is not confirmed by careful examination in several 
positions. The knee jerk is unaffected in lumbo- 
sacral herniations. 

Foot-drop occasionally occurs in fourth lumbar 
herniation, probably never from lumbosacral 
herniation. Severe weakness of the _ tibialis 
anticus muscle suggests a third lumbar herniation. 
Patients with a marked degree of foot-drop often 
show significant weakness of the gluteus medius 
muscle. This is reflected in weakness of abduction 
of the affected lower extremity and shows in the 
gait as difficulty in holding the pelvis erect on 
the affected limb. Demonstration of gluteus 
medius weakness serves occasionally to differenti- 
ate nerve root lesions from pressure palsies affect- 
ing the common peroneal nerve. 


ROENTGENOLOGIC EXAMINATION 


A competent x-ray examination of the lumbo- 
sacral spine is necessary in all patients suspected 
of lumbar intervertebral disc rupture. Certain 
positive diagnoses such as fracture, spondylolis- 
thesis, marked anomaly, and neoplastic involve- 
ment of bone can be excluded by this examina- 
tion. A lumbosacral spine which is roentgeno- 
logically negative except for minor osteoarthritis, 
curve alteration, or interspace narrowing is usual 
in ruptured disc. Extremely severe osteoarthritic 
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changes probably favor some other mechanism 
for nerve root compression than ruptured dise, 
However, clinical experience indicates that the 
more dramatic cases of nerve root involvement 
are rarely due to foraminal compression inde- 
pendent of dise rupture. Narrowing of the 
lumbosacral interspace is so common with or 
without disc rupture at this level that it is of 
little diagnostic value. It is important to know 
the alignment of vertebrae at the lumbosacral 
junction. A fifth lumbar vertebra which is in line 
with the sacrum and separated from it by a 
narrow space probably functions as a sacral 
vertebra, and any disc rupture present is likely to 
be above such a transitional vertebra. Narrowing 
of the fourth lumbar disc is of much more 
significance, and in 13 of the 15 times it was 


observed in the last 100 operated patients it 


correctly indicated the site of rupture. Myelog- 
raphy is not usually indicated when definite 


(even though slight or moderate) narrowing of . 


the fourth lumbar intervertebral space is present, 
if other signs are also in accord with a lesion at 
this level. 


MYELOGRAPHY 


Lumbar myelography, utilizing Pantopaque 
(ethyl iodophenylundecylate) in 3- to 6-ce. 
quantities, has proved relatively innocuous if the 
medium is removed at the termination of the 
procedure. Nevertheless, the procedure should 
rarely be used unless operative intervention is 
intended provided the test confirms the presence 
of a ruptured disc. All too frequently, a myelo- 
graphic irregularity leads to intervertebral disc 
surgery in a patient whose symptoms do not 
meiit surgical intervention. In 100 patients, 
myelography was used in 43 patients, but the 
injection was unsatisfactory in 1. When patients 
with the typical syndrome and positive findings 
indicating the level of ruptured lumbar disc are 
operated upon without myelography, the myelo- 
graphic series will be composed predominantly 
of problem cases. In the 42 myelograms, there 
were 2 negative myelograms with positive 
explorations, 3 positive myelograms with question- 
able findings, and 3 negative explorations under- 
taken despite negative myelograms. Myelography 
has been difficult to interpret in previously 
operated patients (fig. 1), and often the Panto- 
paque has been difficult or impossible to remove. 

The technique of myelography utilizing 
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Fic. 1. This antero-posterior roentgenogram 
was made after the injection of 3 ec. of Pantopaque 
at the third lumbar interspace. The downward 
flow of the medium is arrested at the fourth lumbar 
interspace even with the patient in a standing 
position. Subarachnoid adhesions followed 2 
operations on the left at the fourth lumbar inter- 
vertebral disc. A third operation revealed typical 
rupture at the lumbosacral disc on the left, which 
could not be demonstrated myelographically. 


Pantopaque has been carried to a high point of 
perfection in that excellent films can be made and 
usually only a few traces of medium are left 
within the spinal canal. Emphasis must be made 
on the necessity of its removal at the termination 
of the examination because it is known to produce 
an intense inflammatory reaction despite the 
relative absence of clinical symptoms. The full- 
column technique as proposed by Malis, Newman, 
and Wolf® has the advantage of not demon- 
strating what they term “thin film’ (of Panto- 
paque) defects and also that of permitting 
weight bearing at the time of myelography. There 
is little objection apparent in using even more 
than 12 cc. of Pantopaque, since it is removed 
at the end of the procedure. However, this tech- 
nique has not been generally accepted, and was 
not used in this series. There would be many 
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advantages to a water-soluble, self-absorbing 
medium as has been tried by Munro,” but 
media at present available appear too irritating 
for routine use. 

The spinal fluid cell count, total protein, 
serology, and colloidal gold curve have been done 
routinely on cerebrospinal fluid obtained at the 
time «. myelography. The total protein is ele- 
vated to 50 to 100 mg. percent in well over half the 
patients with ruptured intervertebral disc. 
Protein elevation must be considered highly 
suggestive of nerve root compression even in the 
face of negative myelography. 


DIFFERENTIAL DIAGNOSIS 


The diagnosis of ruptured lumbar interverte- 
bral dise depends primarily upon the occurrence 
of nerve root symptoms and signs characteristic 
of low lumbar or upper sacral nerve root involve- 
ment in a patient who has or has had low back 
disability. If low back disability is absent or if 
nerve root involvement is bilateral, extensive, or 
atypical of lumbar disc rupture, other diagnoses 
must be seriously considered. 

In the patient with acute mechanical back 
symptoms the differential diagnosis may be 
difficult. There is, however, no necessity to 
pursue the differential diagnosis to the point of 
performing myelography unless serious, obvious 
neurologic involvement is present which might 
become irreparable if surgery is postponed. A 
period of 1 to 3 weeks of conservative treatment 
clarifies the presence or absence of nerve root 
involvement in many patients. X-rays of the 
lumbosacral spine may give evidence of tubercu- 
lous or other infectious processes. Fracture or 
dislocation is usually readily evident. Spondylo- 
listhesis or marked anomaly is easily detected. 
Extensive spina bifida may suggest a congenital 
intraspinal tumor (at any age). A hair tuft, 
dimple, sinus, or localized mole or lipoma may 
accompany a congenital tumor. Very extensive 
osteoarthritis of the lumbosacral spine or evidence 
of rheumatoid arthritis in the sacroiliac or other 
joints points to these entities as the source of 
symptoms. 

Pelvic pathologic conditions in either sex 
rarely produce the mechanical back disability or 
the nerve root involvement suggesting the diagno- 
sis of ruptured disc unless it is of a malignant 
nature. Pelvic malignancies often involve nerves 
without producing back symptoms and without 
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the presence of aggravation by coughing or margin of nerve root and dura mater exposed | imlrve 
sneezing. Routine rectal and pelvic examinations before any attempt is made to mobilize them | compli 
and supplemental studies when indicated by medially to expose the intervertebral disc, }} disse 
: history or physical examination will reduce error Ruptures of varying degrees exist. Frank rupture | Ue ‘ 
to a minimum. Seminoma of the testis (which not _ with only a thin capsule of areolar tissue overlying Occa 
infrequently occurs in a cryptorchid testis) may the herniated nucleus pulposus is easily identified, | apPe@™ 
metastasize to the lumbosacral extradural space. The fissure in the annulus fibrosus through which § lamina 
Chordoma may originate in this area. It must be nucleus pulposus has extruded can generally be }} @8¢ ¥ 
remembered that x-rays of the lumbosacral spine identified. A fissure may be apparent with no  gossly 
often fail to reveal evidence of even moderately material extruding through it. With weight bear- margin 
advanced metastatic involvement of the spine. _ ing, nucleus pulposus would protrude through this } ated 
Tumors such as osteogenic sarcoma or osteochon- defect to produce root compression. On other imegul: 
droma are readily apparent to x-ray examination. occasions, there is rupture of the inner lamellae § the gt 
Benign intraspinal tumors may closely simulate of the annulus fibrosus with distention of the | the lar 
the syndrome of ruptured intervertebral disc,* outer lamellae or pesterior longitudinal ligament lumbai 
but often atypical features can be identified. overlying it. It is not unusual for the surgeon to be # With a 
Myelography is indicated when a tumor is uncertain as to whether or not findings at a par- §} BaITOW 
suspected. ticular intervertebral disc explain the patient’s Spec 
The presence of any deep mass along the course symptoms. If the suspected intervertebral disc | icasé 
of the sciatic nerve is suspected of being the cause is entered surgically, the nucleus pulposus re- | periost 
of sciatic pain. A trigger area might suggest the moved from its interior gives some evidence as Contir 
presence of a neurofibroma or even a glomus to the presence of pathologic changes, but not to ner 
tumor. Old foreign body, a gluteal abscess or other _ necessarily evidence as to nerve compression. The of ins 
localized pathologic processes must be borne in nucleus pulposus removed from ruptured dises | dis¢ i 
mind. Reaction or abscess formation in the area and from degenerated discs is usually dehydrated |‘ o the 
of an improperly placed intragluteal injection and comes free in large, irregular pieces, con- to the 
may be the source of sciatic pain or neurologic — trasting with the glistening small bits which can prover 
involvement. be removed from a normal disc. The gross pulpos 
Herpes zoster, polyneuritis, or syphilis might examination of material removed from the within 
rarely simulate a ruptured disc. interspace is important, since the appearance un- and p 
The pain of intermittent claudication, present der the microscope is similar in all such material. f\ loose 
in the gluteal or hamstring muscles and absent Veins are numerous about the nerve root and {| annul 
or minimal in the calves, has occasionally led in the anterior spinal canal. These often area ff % the 
to referral of patients to the neurosurgeon as greater problem in exploring a normal than a | tion v 
ruptured dise suspects. The absence of pulses ruptured disc. In one patient who underwent | carefu 
and specific intolerance to exercise with re- rather extensive bipolar coagulation of veins} of nuc 
covery on resting serve to differentiate such about a nerve root, the cerebrospinal fluid total root. 
arterial disease. protein, normal before operation, was elevated | Use 
to 125 mg. per cent 6 weeks postoperatively. It — out tl 
had returned to normal when the fluid was re- but 8 
Adequate exposure and careful handling of examined a year later. It is important at opera- drain 
intraspinal structures are prerequisites to good tion that the patient be placed on lateral rolls, 
intervertebral dise surgery. Adequate exposure leaving the abdomen free, since the predural veins 
serves to permit accurate recognition of patho- are greatly distended by abdominal compression. Wo 
logic changes which might otherwise be in doubt. In rare instances, the dura mater is greatly (2 pe 
Although it is possible to develop a flap of thickened at the site of a long-standing interver- Tespol 
ligamentum flavum which can be reflected rather _tebral dise rupture. Only rarely is fibrosis evident menir 
than removed, this has not appeared to be an _ about a piece of extruded intervertebral disc or opera 
important technical addition. Exposure between the root overlying it unless surgery has been cus 1 
the laminae is developed well lateral without the performed previously. Retraction is quite limited |, despit 
removal of a spinous process. Laminal margins at the point of emergence of a root because of opene 
and ligamentum flavum are excised and the the attachment of the dural sleeve within the } Patie 
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intervertebral foramen. The dissection is greatly 
emplicated by previous operation, but a plane 
of dissection between dura mater and surrounding 
tissue can generally be developed. 

Occasionally, compression of a nerve root 
appears to be caused by abnormalities of the 
lamina or ligamentum flavum. Such is rarely the 
tase unless the disc is ruptured or protruding 
gossly. In occasional patients, the superior 
margin of the sacral laminae are grossly imbri- 
cated beneath the fifth lumbar laminae with 
jmegular compression of the dural sac. There is 
the gross appearance of a synovial joint between 
the laminae of the sacrum and those of the fifth 
lumbar vertebra. This occurs only in patients 
with a marked lumbosacral angle, usually with 
narrowing of the lumbosacral disc. 

Special care is necessary in exposing the laminae 
in case spina bifida leaves a gap through which a 
periosteal elevator can slip into the spinal canal. 
Continuous vigilance is necessary to avoid injury 
to nerve roots. Constant awareness of the depth 
of instrumentation within an _ intervertebral 
dise is necessary, since the anterior lamellae 
‘ of the disc may be defective, permitting injury 
to the great vessels within the abdomen. It has 
proved an advantage to remove all of the nucleus 
pulposus readily recoverable from the cavity 
within the annulus fibrosus by using a curette 
and pituitary rongeur. Not infrequently, a large 
\ loose piece is obtained from within the outer 
‘jannulus somewhere in the posterior interstices 
of the disc after it has appeared that the opera- 
tion was completed. The operator must be very 
careful not to go past the main offending fragment 
of nucleus pulposus or to retract it with the nerve 
root. 

Usually, complete hemostasis is possible with- 
/ out the use of gel foam. Its use is permissible, 


| but should not be routine. The wound is not 


drained. 


SURGICAL COMPLICATIONS 


Wound infection is an exceptional complication 
(2 per cent), and when it has occurred it has 
responded to simple drainage. Usually, there is no 
Meningeal complication. However, in 2 patients, 
operated upon in the service, severe streptococ- 
tus meningitis developed in less than 24 hours 
despite the fact that the dura mater was not 


opened. Spinal anesthesia had been used in both 


patients. Fortunately, both recovered under 
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treatment with penicillin and sulfadiazine. These 
were the nearest threats of mortality in over 400 
operated patients. When circumstances have 
justified it, patients with myocardial infarction, 
auricular fibrillation, and other serious medical 
conditions have been operated upon, luckily 
without mishap. Phlebothrombosis is a rare 
complication after intervertebral disc surgery and 
was recorded in only 1 patient. Unilateral edema 
has been a problem in an occasional patient with 
paralysis of some of the leg muscles. Sprain of the 
ankle and even fracture of the fibula have oc- 
curred in patients with peroneal muscle weakness. 

Spinal anesthesia has been used in about 85 
per cent of patients with no known complications. 
Many patients were also given intravenous 
Pentothal, but without intubation. It appears 
that the anesthetic effect often persists longer 
on the side of nerve root manipulation. 

The lack of serious pulmonary complications 
is a tribute to anesthesia and nursing. 

Bladder complications, even in those few 
patients having cauda equina compression (2 
per cent), have gradually cleared up. A number of 
patients who have partial or complete subarach- 
noid block, as demonstrated by postoperative 
myelography, have good bladder and motor fune- 
tion. 

The serious complication of great vessel injury 
has not occurred in this series. However, on 
probably a dozen occasions the operator has 
noted the passage of the closed pituitary rongeur 
through the anterior annulus fibrosus. It is of 
extreme importance that this can occur without 
radical curetting or manipulation within the 
intervertebral disc. No harm to the patient will 
result if the presence of the defect is promptly 
recognized and no manipulation is performed at 
a depth greater than that of the anterior annulus 
fibrosus. Figure 2 represents the passage of 
Pantopaque through a defective anterior annulus 
fibrosus when it was dropped into the posterior 
defect at the conclusion of surgery on the third 
lumbar disc. DeSaussure® has recently made a 
survey of cases of great vessel injury with or with- 
out recognition and treatment. The complication 
occurs more generally than is commonly thought, 
although its statistical incidence is not known. 
It is probably the commonest cause of mortality 
in intervertebral disc surgery and may well sur- 
pass the total of other causes. It is important 
that the possibility of great vessel damage be 
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Fig. 2. This lateral roentgenogram was made 
following the injection of 1 cc. of Pantopaque 
into the posterior defect in the annulus fibrosus of 
the third lumbar intervertebral disc after it was 
found at operation that the anterior annulus 
fibrosus was defective. Pantopaque is evident 
anterior to the vertebral column opposite the af- 
fected disc. (A residue of Pantopaque from mye- 
lography is present within the spinal canal.) 


kept in mind, since prompt surgical intervention 
will probably prevent mortality. 

One of the most serious complications ob- 
served after intervertebral dise surgery is inflam- 
matory reaction in the operated interspace, 
often amounting to actual infection. Sullivan, 
Bickel and Svien™ have reported 11 cases of 
postoperative interspace infection. The incidence 
is probably less than 1 per cent. The onset may 
be within a few days or a few weeks after opera- 
tion. Actual suppuration is usually lacking, and 
systemic signs of infection are minimal or absent. 
The characteristic symptom is excruciating, 
spasmodic back pain of a mechanical nature. 
Often there is soreness and pain in the lower 
abdomen, groins, and testicles in addition. Care 
must be used in the selection of pain relieving 
medication because of the grave danger of 
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addiction. The ultimate prognosis is favorable, 
with evidence of body to body fusion 6 to 10 
months after the onset. 

Many patients, probably one-half, have some 
additional narrowing of the operated interspace 
within the year following operation. Some of 
these patients have back symptoms of conse- 
quence, but not comparable to the severe 
paroxysms of the “interspace infections.” 

Figure 3 represents a mild degree of interspace 
infection. There is definite evidence of absorption 
of cortical bone of the intervertebral surfaces 
at the lumbosacral space. This patient improved 
greatly in the course of 4 months. 

Figures 4 and 5 represent a severe degree of 
interspace infection complicating 2 operations on 
the fourth lumbar intervertebral disc 12 days 
apart. Eight weeks after the second operation 
(fig. 4) there is actual necrosis of the adjacent 
anterior margins of the fourth and fifth lumbar 
vertebral bodies. Severe pain persisted for 6 
months, and recovery required an additional 
year,. but is quite complete. This patient is in- 
cluded for the unusual films, but was not in this 
operative series. 

There appears to be no factor predisposing to 


Fig. 3. This lateral roentgenogram reveals the 
lower 2 lumbar interspaces. The cortex of the in- 
tervertebral surfaces at the fourth lumbar inter- 
space is seen to be well preserved. However, at the 
lumbosacral interspace the cortex appears hazy 
with decalcification. This has been termed “‘os- 
teitis,’’ but probably represents a relatively mild 
“nterspace infection.”’ A ruptured lumbosacral 
disc was surgically treated 6 weeks before this 
film was made. 
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shown considerabl 


“interspace infection,” and neurologic symptoms 
ate often absent from the time of operation on. 
Aggravation or precipitation of excruciating 
spasms of pain by coughing, straining or sneezing 
is usual, and has been attributed to the changes 
in venous pressure in the inflamed area which re- 
sult from changes in abdominal pressure. The 
same symptoms have been observed in occa- 
sional cases of osteomyelitis of the vertebral 
body unrelated to surgery. Clinically similar cases 
have rarely followed lumbar puncture performed 
in the course of meningitis! or other illness with 
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is destruction of the adjacent portions of the anterior bodies of the fourth and fift 
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rspace infection’? 8 weeks after intervertebral disc 
surgery at the fourth lumbar disc. The fourth lumbar interspace, slightly narrowed before surgery, is 
narrowed. The intervertebral cortical surfaces are softened in sepeseames and there 


lumbar vertebrae. 


ultimate gross narrowing of the intervertebral 
space, usually the third. 


REOPERATION 


When intractable pain, attributable to a nerve 
root lesion, persists or recurs after operation, a 
second operation is generally indicated. Many 
of the patients with negative explorations even- 
tually recover without further surgery. At times, 
treatment may be definitive without the oper- 
ator’s being certain of positive findings. More 
often, the patient who recovers following negative 
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-Fic. 5. This lateral roentgenogram shows the late appearance of a severe “interspace infection” 17 
months after operation (same patient as figure 4). A marked degree of body to body fusion is observed. 


exploration recovers because he would have re- 
covered anyway. In numerous instances, when a 
patient has been explored and found negative, it 
seems likely that a mistake was made in inter- 
preting symptoms and findings and that the 
patient’s pain was not due to nerve root com- 
pression. Frequently, patients who have under- 
gone negative exploration were followed for many 
months before operation and the final decision to 
operate was based upon the intractable nature of 
the complaints, not upon the development of 
more characteristic findings. In these instances, 
where the first operation may have been under- 
taken with relaxed criteria, a second operation is 
to be considered with great reluctance. 
Approximately two-thirds of second operations 
in this series have been performed after a period 
of one to several years of relief ended in sudden 


onset of pain in the same or opposite sciatic dis- 
tribution. New ruptures on the opposite side at 
the same level or at a new level on either side 
have occurred twice as often as recurrences at 
the site of previous operation. One patient has 
been operated upon 4 times for ruptures at 3 
sites over a period of 8 years. He returned to 
heavy manual labor after each operation save 
the last, which was performed only a few days 
ago. Another patient has undergone 3 operations 
for ruptures at 2 sites over a period of 5 years. He 
returned to moderate manual labor after each 
operation. 

The incidence of reoperation is shown by 
analyzing the last 100 operations. Three patients 
underwent a second operation after previous 
operation elsewhere. Five patients underwent 
second operation here. It appears that second 
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operations are performed in from 5 to 10 per 
cent of patients who undergo operations for rup- 
tured lumbar disc, and the incidence of reopera- 
tion appears to be increasing. Such an increase is 
probably inevitable, since the number of once- 
operated patients is constantly increasing. The 
high incidence of second operations prompts 
thought as to their preventability. The incidence 
of recurrence or rupture at a new interspace is 
increased considerably when the patient con- 
tinues to do manual labor. 

Spinal fusion has not prevented the necessity 
for reoperation in many instances and has greatly 
complicated reoperation when it has been neces- 
sary. The judicious use of spinal fusion will 
probably lessen morbidity in many patients, but 
the primary indication for its use is back disa- 
bility, not nerve root involvement. The use of 
interbody fusion by the posterior. approach as 
performed by Cloward‘ introduces too great 
morbidity for routine use and is much more to be 
feared than reoperation. The use of acrylic resin 
within the evacuated interspace* seems to intro- 
duce too many dangers of serious complications 
not fully appreciated by exponents of the method. 
The possibility of the escape of hot acrylic sub- 
stance into the prevertebral space through a de- 
fect in the anterior annulus fibrosus does not 
appear negligible. 

It does not seem wise at this time to include 
additional exploration of spaces in the surgical 
procedure unless there is evidence that nerve root 
compression is present at these spaces. Certainly 
a later operation at an unexplored interspace 
which is the site of a new rupture is as simple as 
a first operation. Over-zealous, widespread ex- 
ploration tends to complicate subsequent diag- 
nosis and exploratory surgery. 

Arachnoid adhesions, even of a degree to cause 
a complete myelographic block (fig. 1), are not 
necessarily disabling. Not infrequently, they are 
present in patients with excellent postoperative 
results and remain undiscovered until new symp- 
toms develop from further evolution of a patho- 
logic condition of the intervertebral disc. It is of 
the greatest clinical importance that symptoms 
not be automatically attributed to adhesions and 
a frank recurrent or new intervertebral dise rup- 
ture be overlooked. When arachnoid adhesions 
make accurate myelographic diagnosis impossi- 
ble, it is important to analyze symptoms, signs 
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and statistical probabilities in order to formulate 
the best operative plan to relieve intractable 
pain. 

A number of posterior rhizotomies were per- 
formed in the earlier years of intervertebral disc 
surgery in the hope of preventing recurrence of 
pain. Motor disturbances were more commonly 
observed in such patients than when routine 
excision of ruptured dises was performed, and 
the rhizotomy was abandoned. In certain in- 
stances, posterior rhizotomy should be res- 
urrected as part of the armamentarium in the 
attack on complex cases of nerve root pain. Chor- 
dotomy has been proposed and performed far too 
often in patients with recurrent pain problems in 
the lower extremities associated with interverte- 
bral disc pathology. Other measures should be 
truly exhausted before chordotomy or frontal 
lobotomy is even considered. 


SUMMARY 


1. Great care is necessary in distinguishing the 
referred pain of acute articular back disability 
from the sciatic pain of nerve root compression 
by a ruptured intervertebral disc. 

2. Factors at variance with the typical] his- 
tory and findings of ruptured disc prompt a 
meticulous differential diagnosis. 

3. Clinical findings serve to distinguish the 
level of intervertebral disc rupture in the ma- 
jority of patients. 

4. Roentgenographically demonstrated  nar- 
rowing of the fourth lumbar intervertebral disc is 
presumptive evidence of rupture at that level 
when the characteristic clinical picture is present. 

5. Myelography, carefully performed and con- 
servatively interpreted, is an important aid in 
the diagnosis of ruptured intervertebral disc 
when clinical examination is less than conclusive. 

6. Even for the experienced surgeon, the 
interpretation of a surgical pathologic condition 
in operations on the intervertebral dise is often 
difficult. 

7. Complications other than those referable to 
the nerve roots or interspaces explored are rare 
in properly performed intervertebral disc opera- 
tions. 

8. Injury to the great vessels anterior to the 
vertebral column is a serious and unwarranted 
complication of intervertebral disc surgery. Radi- 
cal instrumentation within the intervertebral disc 
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is not a necessary antecedent to penetration of 
the anterior annulus fibrosus. Prompt recogni- 
tion and treatment of the catastrophe of great 
vessel injury should usually prevent death from 
this complication. 

9. In many patients a recurrent or a new 
herniation of the nucieus pulposus is the cause of 
nerve root pain, although extensive arachnoid ad- 
hesions are demonstrable. 

10. Reoperation on patients previously oper- 
ated upon for lumbar intervertebral disc rupture 
is indicated when intractable sciatic pain persists 
or recurs. It is rewarding in its results. 


F. Keith Bradford, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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BLASTOMYCOTIC ULCER OF THE LOWER LIP 
AnrHony T. De Pata, M.D.,S. Baron Harpy, M.D., anp E. Ericxson, M.D.* 


Houston, Texas 


Mycotic lesions of the lips are rare, even when 
there is known systemic involvement. In the 
literature reviewed, no instance of blastomycosis 
of the lip was noted; the face, neck, and extremi- 
ties were the usual sites for cutaneous lesions. 
The disease manifests itself mainly in systemic 
or cutaneous form. Accurate diagnosis can be 
made only by culture of.the organism or by 
demonstrating it in tissues or exudates. 


pearance, he had been treated elsewhere for a 
lesion on the right side of the lower lip. 

The patient, a retired machinist, had followed 
his occupation for 40 years. He was hospitalized 
in the Veterans Administration Hospital in Albu- 
querque, New Mexico, from August 26, 1953, to 
March 2, 1954, because x-ray findings suggested 
tuberculosis. Bronchoscopy, sputum, and gastric 
cultures proved negative for tuberculosis at this 


Fig. 1. Preoperative view blastomycotic ulcer, lower lip 


An indurated, scaly, ulcerating lesion on the 


lip is usually a suspicious neoplasm and requires 


careful management. The treatment, of course, 
varies depending upon the final diagnosis. The 
following is an instance of such a condition in- 
volving the lower lip, occurring in an 80-year-old 
veteran patient and, later, identified as a mycotic 
lesion produced by Blastomyces, probably derma- 
titidis. Because of the rarity of the condition, it 
is reported in some detail. 

An 80-year-old white male was itted to 
the Veterans Administration Hospital in Houston, 
Texas, on March 3, 1957, with a scaly lesion on 
the left side of the lower lip that had been enlarg- 
ing slowly for a year (fig. 1). Shortly before its ap- 

*From the Cora and Webb Mading Depart- 
ment of Surgery, Division of Plastic Surgery, and 


the Department of Pathology, Baylor University 
College of Medicine, Houston, Texas. 
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time. However, on August 11, 1955, a diagnosis 
of tuberculosis, pulmonary, moderately advanced, 
active disease with cavitation was made at the 
Veterans Administration Regional Office in 
Houston, Texas. and the patient was sent to the 
Veterans Administration Hospital in Kerrville, 
Texas. 

On March 3, 1957, he was transferred to the 
Veterans Administration Hospital in Houston 
where, at the time of his admission, physical 
examination revealed an elderly, well nourished 
white male, in no acute distress. Positive physical 
findings were limited mainly to the head and 
neck. There was a round, superficial, scaly 
lesion, 1 cm. in diameter, on the left side of the 
lower lip, with no bleeding or induration. There 
was scaling and leukoplakia involving the entire 
lower lip. 
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Admission radiographic report of the chest 
revealed that the lungs were clear; there were 
emphysematous changes and some pleural 
thickening in the apices. Hemogram and urinaly- 
sis were within normal limits. The Kahn and 
VDRL tests of the blood were negative. 


On March 11, 1957, under local anesthetic 
using 1 per cent xylocaine, a V-excision of the 
lesion of the lower lip and a “lip shave” opera- 
tion were done as one procedure. The patient did 
very well. The lip healed without complication, 
and the patient was discharged April 5, 1957. 


Fic. 3. Budding form of blastomycosis. X 800 


has 
Fig. 2. Blastomycotic abscess surrounded by broad epithelium. x 100 I 
age 
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Fig. 4. Postoperative view, lower lip 


Pathologic examination of the tissue disclosed 
a granulomatous lesion with abscesses, blasto- 
mycotic, of the lower lip, left side (figs. 2 and 3). 

This prompted further studies on the patient 
which revealed the following: an alkaline phos- 
phatase of 3.3 Bod. units; cephalin flocculation 
negative in 24 hours; thymol turbidity, 5 units; 
serum bilirubin, 0.4 mg. per cent; cholesterol, 299 
mg. per cent; phosphorus, 3.1 mg. per cent; and 
prothrombic activity, 75 per cent. 

Approximately three months later, skin tests 
for blastomycosis were reported as 4 plus, 
histoplasmosis 1 plus, brucellosis and coccidio- 
idomycosis negative, and PPD 1 plus. Collodion 
agglutination and complement fixation tests were 
negative for histoplasmosis, blastomycosis, and 
coccidioidomycosis.. Repeat radiographic exam- 
ination of the chest at this time revealed bilateral 
apical densities similar to those previously 
described. 

Postoperative follow-up to date has revealed no 
evidence of recurrence of this lesion or of lesions 
elsewhere (fig. 4). 
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SUMMARY 


Most scaly, ulcerating lesions of the lip are 
suspicious squamous cell carcinoma. Mycotic 
lesions, although rare, may simulate carcinoma 
and, for that reason, should be included in the 
differential diagnosis of lesions of the lip. 

In the case reported, a preoperative diagnosis 
of blastomycosis of the lip was not made, stress- 
ing the importance of pathologic diagnosis be- 
fore, or at the time of, surgery. However, in this 
case, it was necessary to do a “lip shave” opera- 
tion for the leukoplakia condition and the V- 
excision of the lesion was included in the same 
procedure. Blastomycosis of the solitary lesion 
was reported in the pathologic report of the tissue. 

This case demonstrates that blastomycotic 
lesions of the lip can be treated successfully by 


surgery. 


Anthony T. DePalma, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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THE BILLROTH I GASTRECTOMY FOR THE TREATMENT OF 
DUODENAL ULCER 


Perer B. FisHer, M.D., anp GrorGE L. JorDAN, Jr., M.D.* 


Houston, Texas 


In recent years there has been an upsurge of 
interest in the use of the Billroth I gastrectomy 
for the treatment of duodenal ulcer. To some 
degree, this interest stems from reports indicating 
that this procedure is attended with a lower inci- 
dence of postgastrectomy sequels and with less 
fecal loss of fat and nitrogen than the Billroth II 
gastrectomy.’ In addition, a gastroduodenal 
anastomosis offers certain advantages from a 
technical standpoint in that there is no closure 
of a duodenal stump and there are no afferent or 
efferent loops which may give obstructive prob- 
lems in the postoperative period. 

This study was undertaken to assess the experi- 
ence with this operation for the treatment of 
duodenal ulcer at the Veterans Administration 
Hospital, Houston, Texas. 


MATERIALS AND METHODS 


There were no patients with duodenal ulcer 
treated by the Billroth I gastrectomy in this in- 
stitution before July 1, 1952. At this time it was 
deemed advisable to evaluate this procedure, and 
during the ensuing 414 years 96 patients were 
treated in this manner. 

All patients were male except one. Seventy-five 
were white and 21 were Negro, with an age range 
from 22 to 78 years. 

In no patient were there combined gastric and 
duodenal ulcerations, and no patient had had a 
previous operative procedure on the upper 
gastrointestinal tract. The indications for surgery 
included bleeding in 30 patients, acute perfora- 
tion in 25 patients, obstruction in 7, and intracta- 
bility in 34. Thirty-six patients underwent 
emergency surgery, whereas in the remaining 60 
the operation was performed at the time of 
election. 

Resection of the desired amount of stomach 
was performed before final decision concerning 
the procedure was made; however, in all in- 
stances it was possible to mobilize the gastric 

*From the Cora and Webb Mading Depart- 
ment of Surgery, Baylor University College of 
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remnant sufficiently for an anastomosis without 
tension. One patient with far-advanced cirrhosis, 
ascites and massively bleeding ulcer underwent 
resection of approximately 45 per cent of his 
stomach, whereas all the remaining patients had 
resections of 60 to 90 per cent. In most patients 
75 per cent or more of the stomach was removed. 

These patients represent less than one-third of 
all patients treated surgically for duodenal ulcer 
during this period. Selection of patients depended 
upon technical considerations at the time of 
operation and preference of the surgeon. Thus, 
gastroduodenostomy was performed when the 
duodenum was sufficiently pliable to allow a good 
anastomosis, and only in cases wherein the ulcer 
could be completely excised. An end-to-end 
gastroduodenal anstomosis was performed with 
the duodenum approximated to the greater curva- 
ture of the gastric remnant. Vagotomy was not 
used. 


RESULTS 


Three patients died within 30 days following 
operation, an operative mortality rate of 3 per 
cent. Two of these had an emergency subtotal 
gastrectomy for massive, uncontrollable hemor- 
rhage. One had portal cirrhosis and ascites and 
died on the third postoperative day of hepatic 
coma and pneumonitis, and the second died of 
cardiac arrest 45 minutes following surgery. The 
third death occurred in a 78-year-old man who 
was considered an extremely poor operative risk, 
but operation was considered semi-emergent be- 
cause of recent massive hemorrhage. This patient 
expired of a leak from the anastomotic line on 
the 28th postoperative day. 

There were 14 nonfatal postoperative compli- 
cations (table 1). Only one (an anastomotic leak) 
required reoperation. The one patient who had 
stomal obstruction in the early postoperative 
period responded to conservative management 
and this complication was not encountered in the 
late postoperative period. 

Eighty-four (90.3 per cent) of the 93 patients 
who survived operation were followed for periods 


tively 
devel 
pairec 


Dec: 
= 
Atel 
Gast 
a Wou 
Ven 
Leak 
4 Ston 
Tc 
of 8 
was 
aver: 
Mos' 
follo' 
the f 
TI 
tive 
prob: 
Ex 
posts 
class 
were 
eatin 
whicl 
ing 1 
erate 
week 
foods 
capac 
Fort) 
these 
perio 
erate. 
symp 
sage 
: only | 
ing 1 
symp 
most 
: There 
sever 
: On! 
tive v 


December 1958 


TABLE 1 
Nonfatal postoperative complications in 93 patients 


Complications ot 
5 
Gastrointestinal hemorrhage....... 3 
Venous thrombosis................. 2 
Leak of anastomosis............... 1 
Stomal obstruction (mild).......... 1 

14 


of 8 months to 514 years. The follow-up period 
was less than a year in only 5 patients, and the 
average length of follow-up was 30.6 months. 
Most of the patients returned to the hospital for 
follow-up examination, although in a few patients 
the follow-up was conducted by letter. 

There were three deaths in the late postopera- 
tive period, none of which were related to the 
problem of gastroduodenal ulceration. 

Exclusive of marginal ulceration, the only 
postgastrectomy syndrome encountered in this 
group of patients was that which is commonly 
classed as the “dumping syndrome.” Symptoms 
were classified as mild if they occurred only after 
eating a large meal or after eating specific foods 
which could easily be eliminated without impair- 
ing nutrition. Symptoms were considered mod- 
erate if they occurred once to several times a 
week, even after eliminating known offending 
foods; and as severe if they were sufficiently in- 
capacitating to interfere with normal activity. 
Forty-seven patients (58 per cent) experienced 
these symptoms at some time in the postoperative 
period. Thirty were classified as mild, 16 as mod- 
erate, and 1 as severe. In a number of patients the 
symptoms improved spontaneously with the pas- 
sage of time, so that at the time of this study 
only 31 patients remained symptomatic, 22 hav- 
ing mild symptoms and 9 having moderate 
symptoms. Symptoms were easily controlled in 
most of the patients by diet and antispasmodics. 
There was no patient who continued to have 
severe postgastrectomy difficulties. 

Only 4 patients failed to regain their preopera- 
tive weights. Two of these were obese preopera- 
tively and had no desire to regain weight; a third 
developed recurrent duodenal ulcer which im- 
paired nutrition. In the fourth patient, loss of 


BILLROTH I GASTRECTOMY 


923 


weight was only eight pounds, and this weight 
loss in no way impairs his daily activities. 

There were 11 patients (13.1 per cent) who de- 
veloped symptoms of recurrent ulceration and in 
whom the presence of an ulcer was confirmed by 
roentgenographic or gastroscopic examination. 
Four of these were subsequently treated sur- 
gically, and the remaining seven have been man- 
aged nonoperatively. In an additional 8 patients 
symptoms which were highly suggestive of recur- 
rent ulceration developed, although the diag- 
nosis was not confirmed by roentgenography or 
gastroscopy. Three of the patients with proven 
recurrent ulceration had an estimated resection of 
60 to 75 per cent, and the remaining eight had 
resections estimated to be in excess of 75 per cent. 

Only 3 patients were unable to maintain their 
normal employment after operation, and each of 
these had proven recurrent ulceration. 


Evaluation of Results 


Each patient was asked to state his opinion of 
his postoperative result. Results were classified as 
excellent if the patient was free of symptoms and 
enthusiastic about his condition, improved if sig- 
nificantly better than preoperatively but not 
completely symptom free, and poor if the patient 
was no better or worse than preoperatively. 

On the basis of this classification, 35 per cent 
considered their results excellent, and 21 per cent 
had poor results (table 2). 


COMMENT 


Technically the Billroth I gastrectomy has 
proven to be a satisfactory procedure. We en- 
countered no difficulty in accomplishing an 
anastomosis without tension, regardless of the 
amount of stomach removed, although occasion- 
ally division of one or two additional short gastric 
vessels was necessary, and rarely the second por- 
tion of the duodenum was mobilized. As noted, 
stomal obstruction was not a problem. We did 
not perform gastroduodenostomy when the 


TABLE 2 
Classification of surgical resulis 
Results No. of Patients} Per Cent 
29 35 
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duodenum was severely scarred, for fear of leak- 
age at the suture line. Furthermore, we now do 
not use the procedure if dissection of a large 
posterior penetrating ulcer is required. Under 
these circumstances the suture line is placed 
against a raw pancreatic bed and this may cause 
leakage. This appeared to be the cause of leakage 
in one patient who expired, and we have seen 
several additional patients referred to this hos- 
pital following surgery elsewhere in whom this 
sequence of events occurred. We consider this 
complication more serious than leakage from a 
duodenal stump. 

A comparison of the late results in this series 
with those following the Billroth II gastrectomy 
in this institution revealed that the nutritional 
status of the patients was somewhat better after 
a gastroduodenal anastomosis, for only 5 per 
cent (including those obese preoperatively) had 
weight loss in excess of five pounds. In contrast 
28 per cent of patients treated by gastrojejunos- 
tomy had loss of weight exceeding five pounds, 
including 11 per cent in whom weight loss was 
associated with difficulty in adjusting to a satis- 
factory diet.° 

Our experience does not support the concept 
that the incidence of dumping syndrome is less 
following the Billroth I gastrectomy, for in this 
study it was slightly higher than that which we 
recorded in patients treated with the Billroth IT 
procedure. However, many patients (20 per 
cent) improved spontaneously and, at the time 
the study was made, there was no patient suffer- 
ing from severe symptoms, whereas, following 
the Billroth II gastrectomy, we have encountered 
some patients who continued to have symptoms 
despite all attempts at relief. 

Thus, in many respects, this operation appears 
more satisfactory than the Billroth II gastrec- 
tomy; nevertheless, the total incidence of poor 
results is higher than that resulting from gastro- 
jejunostomy because of the greater incidence of 
marginal ulceration. In the series reported here 
the incidence of marginal ulcer is more than three 
times that which we have recorded following the 
Billroth II gastrectomy, despite an average 
follow-up period of only 30 months. In view of 
the fact that there are 8 additional patients in 
whom marginal ulcer is suspected, though not 
proven, the incidence will undoubtedly rise with 
the passage of time. 

Within the past few years a number of reports 
have appeared in the literature concerning the 
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use of the Billroth I procedure. Unfortunately 
several discussed the combined experience with 
gastric and duodenal ulcer, so that the results are 
not entirely comparable to those that might be 
obtained following the treatment of duodenal 
ulcer alone. There are, however, a sufficient 
number of studies in which detailed information is 
available to allow some definitive conclusions, 
Capper and Welbourn! reviewed a large collected 
series and concluded that recurrent ulceration 
occurred often following gastroduodenostomy if 
a limited resection (less than 70 per cent) was 
performed, but if more than 70 per cent of the 
stomach was resected, the incidence was not 
greater than that following gastrojejunostomy. 
Unfortunately, this statement was based upon a 
short follow-up period, primarily by personal 
communication with a number of surgeons. We 
are able to find only one author® who has subse- 
quently published his results, and with a longer 
follow-up period a higher incidence of ulceration 
was reported. A review of the literature indicates 
that this is the experience of most investigators, 
for we were able to find only a few reports in 
which a low incidence of recurrent ulceration was 
recorded.* §: ® On the other hand, extremely high 
recurrence rates were recorded by several au- 
thors.*: 2. 3 4 tabulation-of unselected reports 
gave an average incidence of 7.6 per cent mar- 
ginal ulceration after the Billroth I procedure as 
compared to 2.7 per cent after the Billroth II 
gastrectomy (table 3). 

The cause of the high incidence of recurrent 
ulceration following the gastroduodenal anas- 
tomosis is not definitely known. There is animal 
experimentation to indicate that the suscepti- 
bility of intestinal mucosa to ulceration is greater 
as one progresses distally in the gastrointestinal 
tract. On the basis of these observations one 
would anticipate that gastroduodenostomy would 
be the ideal procedure in the treatment of duo- 
denal ulcer. However, recent experimental data" 
do not support these earlier observations and 
certainly the experience in the human indicates 
that this is not true. It is possible that greater 
protection is afforded gastrojejunostomy by 
passage of all bile and pancreatic juices across the 
suture line than is afforded the gastroduodenos- 
tomy suture line by reflux. Nevertheless, it seems 
likely that the duodenum proximal to the 
ampulla of Vater may be the portion of the 
bowel most susceptible to peptic ulceration. 

Thus, in our opinion, the Billroth I gastrectomy 
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TABLE 3 


A comparison of the incidence of recurrent ulceration following Billroth I and Billroth II gastrectomy 
jor duodenal ulcer: collected series 


Billroth I Billroth II 
Author | Recurrent ulceration | | Recurrent ulceration 
| No. of cases No. of cases | 
No. Percent | | No. | Per cent 
Fisher and Jordan (1958)........... 84 136 | 5 37 
Wallensten (1954)................... 111 14 13.6 190 | 2 1.0 
102 | 4 4.0 | 
49 | 0 0.0 37 1 | 2.8 
| 825 | | 7.6 | 108 | 


should not be used for the treatment of the usual 
patient with duodenal ulcer. This does not mean 
that it has no place in gastric surgery. For one 
thing, we feel that there is considerable difference 


. in the clinical behavior of patients with gastric 


ulcers as compared to those with duodenal ul- 
cers. Following excision of a gastric ulcer, recur- 
rence is much less common.? Furthermore, con- 
version of a Billroth II to Billroth I gastrectomy 
may be considered in the occasional patient who 
has debilitating postgastrectomy symptoms or 
nutritional problems, for excellent results have 
been reported by some authors following this 
procedure.' 

There are reports which indicate that the com- 
bination of vagotomy with limited subtotal 
gastrectomy and gastroduodenostomy may be 
attended with a iow incidence of marginal ulcera- 
tion.2 However, we can see little rationale to sub- 
jecting a patient to the technical hazards and 
possible undesirable sequels of both gastrectomy 
and vagotomy. We, therefore, feel that for the 
usual patient with duodenal ulceration the Bill- 
roth II gastrectomy should be used. In such 
cases as this procedure may seem undesirable, 
vagotomy and gastroenterostomy, rather than 
vagotomy and subtotal gastrectomy may be 
considered as a secondary procedure. 


SUMMARY 


Ninety-six patients were treated for duodenal 
ulcer by the Billroth I gastrectomy. This pro- 
cedure proved to be technically satisfactory and 


patients treated in this manner maintain their 
weight well. No patient had persistent severe 
postgastrectomy sequels. However, the incidence 
of recurrent marginal ulceration was so high 
(13.1 per cent) that the Billroth I gastrectomy 
cannot be recommended as a routine procedure 
in the treatment of this disease. 


Peter B. Fisher, M.D. 


Baylor University College of Medicine 
Houston, Texas 
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SURGICAL TREATMENT OF PAROTID TUMORS: PRESENTATION OF 
CURRENT APPROACH AND EVALUATION OF 50 CASES 


Rivey P. Foster, M.D., ANprew L. Tucker, M.D.,* anp 
JAMES ALLEN CHAMBERLIN, M.D.f 


Houston, Texas 


Historically, as now, the factor that isolates 
the parotid gland as surgically unique is its rela- 
tion to the seventh cranial nerve. Successful 
surgical extirpation of this gland for tumor prob- 
ably began over 150 years ago with the Ameri- 
cans, John Warren of Massachusetts and William 
E. Horner of Virginia. Parotidectomy in the pre- 
anesthetic era was indeed formidable and the 
road of progress from these early attempts to a 
modern procedure allowing successful eradication 
of benign and malignant tumors with preserva- 
tion of function of the facial nerve is indeed a long 
one. However, the development of adequate 
surgical treatment for lesions of this structure has 
been delayed unseemly long. Many factors may 


_ be incriminated for this delay but fear of injury 


to the cosmetically all-important facial nerve, in- 
adequate delineation of histopathology and 
natural history, and relative infrequency stand 
most important. 

From the time of Leonardo da Vinci the 
parotid-nerve relationship was thought to be so 
intimate as to disallow resection of the gland 
without destruction of the nerve and this ana- 
tomic concept became so steroetyped as to result 
ina frightened, timid approach. Consequently, an 
all-or-minimal surgical standard was established. 
It was known that the majority of parotid tumors 
could be cured by complete resection of gland and 
nerve but few surgeons were willing to accept dis- 
figuring facial palsy for essentially benign lesions. 
The minimal procedure (enucleation) thus 
evolved as the most frequent form of therapy, was 
generally accepted until the past decade and is 
still widely employed. 

The publication of Rouviére’s* anatomic 
studies of lymphatic drainage of the parotid 
(1943) laid the ground work for successful removal 

* Major, USAF (MC). 

t From the Cora and Webb Mading Department 
of Surgery and the Division of Plastic Surgery, 
Baylor University College of Medicine, and the 
surgical services of the Methodist, Jefferson 


Davis, and Veterans Administration Hospitals, 
Houston, Texas. 


927 


of parotid metastasis. Hamilton Bailey’s’ ex- 
pansion of McWhorter’s® concept of the bilobate 
structure of the gland (1948) did much to dispel 
the pessimistic aura concerning the facial nerve. 
The confusion of histopathology and natural 
history of tumors of this organ was cleared con- 
siderably with the detailed study (1953) by Foote 
and Frazel® of 877 cases at Memorial Hospital. 
Thus, therapeutically applicable progressions are 
quite recent. They are also incomplete and still 
in a state of change. However, sufficient data have 
been collected to establish more effective criteria 
for management of these tumors.?:* 1°: 9 
These criteria are based for the most part on 
critical evaluation of unfavorable results ob- 
tained by limited resections and by the knowledge 
that wide resections of the parotid gland can be 
accomplished without permanent damage to the 
facial nerve. A natural deduction may be made 
that if limited resections result in high recurrence 
rates, more radical procedures should be em- 
ployed unless morbidity or mortality is appre- 
ciably increased by the procedure itself. Current 
reviews of parotid tumors (including ours) attest 
to the newness of establishment of this principle 
of “wider excision.” In 1954, Woolner and associ- 
ates®® reviewed all the cases of parotid gland 
tumors at the Mayo Clinic, reevaluating the 
previous study of Kirklin and his co-workers.’ 
In comment on mucoepidermoid tumors, he ad- 
vocated adequate excision (at least superficial 
lobectomy) for these lesions. It is interesting to 
note, however, that of the total of 36 cases no 
lobectomy and only one total parotidectomy was 
listed. This is the general rule for most collected 
series and exemplifies the importance of critical 
evaluation of collected material.*: 7: *4 Since there 
are as yet no large series of total and subtotal 
parotidectomy, this method of retrospective re- 
evaluation has resulted in the establishment of 
more effective standards 25 years before the time 
required to accumulate proof of large favorable 
series. It is to that purpose that our material and 
current policy are presented. 
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CLASSIFICATION OF PAROTID TUMORS 


The nosology of parotid tumors is among the 
most extensive and confused in the field of 
surgery. This is occasioned primarily by the fact 
that the detailed histopathologic studies are so 
recent as to allow many of the older, useless 
terms to persist in current literature. We have 
found it expedient whenever possible to combine 
synonyms and clinically insignificant subdivisions 
and a classification of this type is presented as 
employed by the authors (table 1). It is arranged 


TABLE 1 
Classification of tumors of the parotid gland 


A. Benign 

1. Cysts 

2. Adenomas (oncocytic, oxphilic, sebaceous 
gland) 

3. Benign mixed tumors (adenomas, bran- 
chioma, chondroma, endothelioma, 
mucohyaline basal cell epithelioma, 
myxochondro-carcinoma, myxochondro- 
sarcoma, myxoma) 

4. Papillary cystadenoma lymphomatosum 
(adenolymphoma, cystic papillary 
adenoma, oncocytoma, Warthin’s tumor) 

5. Miscellaneous (lipoma, neurofibroma, 
hemangio-endothelioma) 

6. Benign lymphoepithelial lesions (lympho- 
epithelioma, lymphocystic tumors, 
chronic inflammation, Mikulicz’ disease, 
adenolymphoma, Godwin’s disease, and 
Sjogren’s disease) 

B. Malignant 

1. Malignant mixed tumors 

2. Mucoepidermoid carcinoma (adenocarci- 
noma, cylindroma, cystadenoma, mixed 
epidermoid and mucus-secreting carci- 
noma, papillary cystic tumors) 

a. Low grade 
b. High grade 

3. Adenocarcinoma (adenoid cystic, trabecular 
or solid, anaplastic, mucous cell, acinic 
cell, adenocysticepithelioma, adenomyo- 
epithelioma, basal cell carcinoma with 
hyaline stroma) 

4. Cylindroma 

5. Squamous cell carcinoma (anaplastic, 
epidermoid carcinoma, epidermoid carci- 
noma, prickle cell carcinoma) 

6. Undifferentiated carcinoma 

7. Miscellaneous (lymphosarcoma, fibrosar- 
coma, neurosarcoma, rhabdomyosarcoma 

8. Metastatic carcinoma 
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after the work of Stewart and associates,” with 
the only important difference, we believe, being 
that we have found it clinically expedient to re- 
tain the term cylindroma. It has been found 
simple and clinically workable, although the 
extremely variable histologic structure frequently 
prevents exact categorization. Much has been 
written on the theories of origin of salivary gland 
tumors, and suffice it to say here that the authors 
find Halpert’s! discussion of anlage origin of 
mixed tumors logical. For detailed microscopic 


. descriptions of parotid tumors, the reader is 


referred to the following authors: Foote and 
Frazell,®> Byars and associate,’ McFarland,” 
Rawson and associates,24 Woolner and _associ- 
ates,*° Buxton and associates,6 Stewart and 
associates,” and Swinton and Warren.” 


CLINICAL DiAGNOSIS 


By far the most common presenting symptom 
of parotid tumors is a slowing-growing lump, 
without associated pain, on the jaw or in the 
region of the ear (fig. 1). This symptom is essen- 
tially universal for benign tumors whereas local 
pain, pain in the neck or forehead, and rapid 
growth are suggestive of cysts or a malignant 
variety. In general, cysts present a less prolonged 
history than solid tumors and usually are associ- 
ated with definite inflammatory episodes. In 
cases of benign mixed tumor in our group pain 
was recorded more frequently than in most series 
(20 per cent). A history of intermittent changes in 
size occurred in 9 cases, probably explained on 
the basis of associated sialadenitis. The duration 
of the lesion is of little aid in differentiating benign 
and malignant varieties; however, sudden change 
in a stable lesion of long duration warns of pos- 
sible malignancy. The distribution of tumors in 
this study is shown in table 2. The average 
duration of mixed tumors was 4 years with one 
tumor discovered incidentally on physical exami- 
nation and with another having been present for 
24 years. One of the malignant lesions had been 
present 9 years with tenderness and increase in 
size of 6 weeks duration. The average age of 
patient at onset of lesion was 42 years (the 
youngest, 16 years; the oldest, 70 years). Foote 
and Frazell® found the average age of patients 
with malignant mixed tumors approximately 10 
years greater than the average age of patients 
with a benign counterpart. Fixation is an aid in 
establishing suspicion of malignancy; however, 
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Fig. 1, a and b. Photographs of mixed tumors in the two most common locations 
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TABLE 2 
Distribution of tumors 
| | 
| | Per Cent 
| 
Primary when seen......... 31 | 
Recurrent when seen........ 
Hemangioendothelioma....... 
Malignant tumors.............. 13° 38.5 
Primary when seen......... | 10 | 
Recurrent when seen........| | 
Malignant mixed tumors..... 5 | 8.3 
Mucoepidermoid carcinoma... 4 | 6.6 
1.6 
Squamous cell carcinoma. .... | 3.3 
Undifferentiated carcinoma.... 1 | 1.6 
deeply placed, benign tumors may appear 


clinically immobile, whereas slow-growing, super- 
ficial malignant lesions may remain unfixed for a 
long period. Secondary signs of invasion, such as 
facial paralysis almost universally indicate cancer 
and regional nodal enlargement and induration 
give the same warning. Location may be any- 
where within the parotid gland with no selectivity 
for right or left side. The majority are found in 
the superficial lobe, anterior to the tragus or at 
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the angle of the mandible. It is climeally im- 
portant that parotid neoplasms (with the excep- 
tion of oncocytomas and benign lymphoepithelial 
lesions), are essentially never bilateral. A differ- 
ential diagnosis (including parotid cyst, parotitis, 
lymphadenitis, branchial cyst, sebaceous cyst and 
masseter hypertrophy) should be kept constantly 
in mind to avoid major surgery in a delicate area 
for unwarranted lesions. Inflammatory processes 
usually cause tenderness; however, the chronic 
variety may not. Several authors have noted the 
value of sialography in distinguishing inflam- 
matory and neoplastic masses but this diagnostic 
aid was seldom employed in this series. One 
author (J. A. C.), however, has used it extensively 
in private practice and has also found it a useful 
diagnostic adjunct. Because of the danger of 
seeding and spillage we do not advocate pre- 
operative needle biopsy of parotid tumors. 


OPERATIVE DIAGNOSIS 


Accurate diagnosis of a parotid tumor on 
surgical exposure, on frozen section, or even on 
permanent section is frequently difficult to make. 
This is especially true in differentiating encap- 
sulated benign or malignant mixed tumors. This 
type of lesion usually bulges from surrounding 
tissue (fig. 2), and when cut presents a moist, 
varied, gray-white surface with scattered semi- 
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Fig. 2. Illustrates the gross appearance of a benign mixed tumor on surgical exposure 


S~11,,6-57 
Fic. 3. Cut sections of benign mixed tumors 


showing the varied surface with semi-transluscent 
mucoid areas. 


translucent streaks (fig. 3). Because of malignant 
potentiality and the possibility of seeding by 
open biopsy, we have adopted the policy of 
“excisional biopsy,” of any magnitude (lobectomy 
or total parotidectomy) necessary to surround the 
lesion. A cyst with surrounding fibrosis of sial- 
adenitis may be mistaken for carcinoma with 
central necrosis, but it is our opinion that lo- 
bectomy in such conditions is preferred to the 
possibility of inadequate excision and spillage of 
carcinoma. Seven cases of this type were en- 
countered in this survey and, indeed, this is too 


many; however, no complication was incurred in 
this group. By this method, adequate extirpation 
of both benign and low grade malignant lesions is 
usually accomplished by one procedure without 
complete dependence on frozen section diagnosis. 
Malignancies of higher grade are usually sus- 
pected grossly by invasion of surrounding gland 
and nerve, poor encapsulation, friability, necrosis 
and evidence of metastasis. Frozen section of this 
variety will almost always permit a diagnosis of 
“malignant tumor,” although the exact type 
may not be established. 


TREATMENT 


The postulation that past methods of surgical 
treatment for parotid tumors were inadequate 
(table 3), even for the benign varieties is deduced 
from two facts. 

1. Excessively high recurrence rates following 
enucleation and simple excision are found 
throughout the literature covering this subject. 
Frazell!® reported 35 per cent, McFarland,” 25 
per cent; Ahlbom,! 20 to 25 per cent; Wood,” 45 
per cent; and our survey disclosed 21.8 per cent 
(table 4) in a very limited follow-up. 

2. A few limited series have been reported 
supporting the concept that wider excision can 
reduce these high rates. Frazell!® was able to sub- 
mit a lowered figure of 4.8 per cent with “wide 
excision” and Bailey* had no case of recurrence 
of benign mixed tumors treated initially with lo- 
bectomy or total parotidectomy on 10 year 
follow-up. 
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TABLE 3 
Total procedures performed* 
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Benign mixed tumors (primary 
Benign mixed tumors (recurrent). 2 
Hemangioendothelioma........... 1 
Malignant mixed tumor...... ... 1 
Partial superficial lobectomy....... 5 
Benign mixed tumors (primary 
Benign mixed tumors (recurrent). 2 
Superficial lobectomy.............. 8 
Benign mixed tumors (primary 
Benign mixed tumors (recurrent). 
Squamous cell carcinoma......... 
Undifferentiated carcinoma....... 
Superficial lobectomy and partial 
deep lobectomy................ 3 
Benign mixed tumors (primary 
Malignant mixed tumors......... 1 
Total parotidectomy with preserva- 
Benign mixed tumors (primary 
Benign mixed tumors (recurrent). 2 
Mucoepidermoid carcinoma (high 
Total parotidectomy with resection 
Mucoepidermoid carcinoma (high 
grade primary when seen)...... 2 
Mucoepidermoid carcinoma (high 
grade recurrent)............... 2 
Partial neck dissection............. 1 
Mucoepidermoid carcinoma (high 
grade recurrent)............... 


OF 


Complete neck dissection........... 4 
Squamous cell carcinoma......... 1 
Mucoepidermoid carcinoma (high 

Undifferentiated carcinoma....... 1 


* Fifty-five procedures were performed on a 
total of 48 patients (2 were inoperable when seen). 


In general, adequate extirpation with preserva- 
tion of the facial nerve, when possible, is the initial 
approach to all parotid tumors. As a policy, we do 
not advocate irradiation of benign lesions. The 


TABLE 4 
Results of treatment of 23 benign mized tumors* 
No. No. of 
Surgical Procedure Treated ae: 
Primary when Enucleation 12 3 
seen Partial superfi- 7 0 
cial lobectomy 
or more 
Recurrent when | Enucleation 2 2 
seen Partial superfi- 2 0 
cial lobectomy 
or more 


* Twelve cases not followed. 


role of super-voltage in the control of malignant 
parotid tumors is not yet fully evaluated. At 
present, the role of interstitial and external 
irradiation for parotid tumors lies with non- 
resectable or residual components of these rela- 
tively radio-resistant neoplasms. It is possible 
that radiation without excision may be the treat- 
ment of choice in the radio-sensitive, highly 
malignant undifferentiated carcinomas. Within 
the limits of clinical variability, the present 
policy of the general and plastic sections of the 
Baylor Surgical Department is as follows: 

1. Lobectomy or adequate partial lobectomy 
for benign parotid neoplasms. 

2. Total parotidectomy, or in selected cases 
(such as low grade varieties) lobectomy for malig- 
nant neoplasms. 

3. Resection of a portion or all of the facial 
nerve in highly malignant neoplasms, or in any 
case of actual nerve invasion. 

4. Neck dissection for clinically detectable 
metastasis or it: association with highly malignant 
lesions. 

5. Postoperative irradiation for operative 
residuums and for highly malignant anaplastic 
cases. 

The procedures may undergo further changes. 
However, for a given period in the stage of medi- 
cal progress best results will be obtained where a 
firm plan of approach is established, with close 
supervision, and with the all important co- 
operation of the surgical pathologist. 


RESULTS 


For strictly statistical purposes the results ob- 
tained in treatment of benign tumors (table 4) 
in this series are not valid. The rate of follow-up 
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of the benign group is grossly inadequate and the 
period of observation in those analyzed is too 
short for evaluation of lesions which have a 
tendency to late recurrence. For treated benign 
mixed tumors the average period of follow-up 
was 3 years, 5 months (the shortest, 3 months; 
the longest, 9 years, 11 months). There were 5 
recurrences (21.8 per cent), all of which had been 
treated by enucleation. In one case, in which the 
tumor had been enucleated before treatment in 
this series, the recurrent lesion was enucleated, 
its second recurrence again enucleated, and its 
third recurrence treated by superficial lobectomy 
with no recurrence in 414 years. Such data as this, 
despite statistical impurity, aids in the proper 
condemnation of enucleation as a procedure for 
these lesions. Table 5 lists the results of treatment 
of the malignant lesions. 


COMPLICATIONS 


Operative procedures on the parotid gland may 
produce certain untoward side effects or compli- 
cations which are peculiar to this region. In this 
series we have noted three examples of the 
“auriculo-temporal syndrome” of Lucie Frey, 
sometimes called postoperative “gustatory sweat- 
ing.’’ In each case this sensation of water running 
down the face on chewing disappeared spon- 
taneously after a short period of time. Four cases 
of extremely troublesome postoperative facial 
spasm were recorded, one case persisting for 
several months despite physiotherapy. Salivary 
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fistulas were of no concern in this study. Only one 
patient suffered this complication of sufficient 
duration to warrant irradiation. Temporary facial 
palsy occurred in approximately 11 per cent of 
the cases in which the entire nerve was dissected, 
usually persisting not more than a few days and 
weeks. One case of partial paralysis is reported 
with complete regain of function after 14 months, 
and one palsy of the ramus mandibularis oc- 
curred after enucleation of a benign mixed tumor. 


SURGICAL ANATOMY 


The authors have found the bilobate definition 
of the parotid gland to be clinically applicable. 
One author (J. A. C.), with over 100 private cases, 
has found that a limited search will establish a 
definite cleavage plane between superficial and 
deep lobes. A true capsule of important surgical 
significance exists in this plane and localization of 
the latter markedly aids in protection of the 
branches of the facial nerve. Embryologically, 
the gland is indented by the two main divisions 
of the nerve, which on continued growth sub- 
merges the latter (figs. 4a, b and c). This encap- 
sulated plane can be developed. 

Although a true en-bloc principle is violated 
for protection of the nerve, most total parotidec- 
tomies are accomplished in two parts with the 
superficial lobe removed first and the deep lobe 
then teased out of its position as shown in figure 
4d. The main trunk of the facial nerve exits 
from the stylomastoid foramen and in adults 


TABLE 5 
Results of treatment of 12 malignant parotid tumors* 
| | d 
Type | Surgery Alone | Radiation | oe of Results 
Malignant mixed | 2 | 1 (Recurrent 1 No disease (2 yrs.; 2 yrs., 8 mos.) 
| inop.) | Died (3 mos.) 
| | Died (4 yrs., 5 mos.) 
| | | 
Mucoepidermoid | 2 | 2 No disease (1 yr.; 4 yrs., 7 mos.) 
| Died (4 yrs., 7 mos.; 6 yrs., 10 mos.) 
Undifferentiated | | 1 Alive with disease (3 yrs.) 
Squamous cell 1 (Primary | 1 Died (6 mos.) 
| inop.) | No disease (6 yrs.) 
| | 
Cylindroma | 1 | No disease (3 yrs.) 


* One patient with inoperable malignant mixed tumor died from hemiplegia 8 days after interstitial 


irradiation. 
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Fig. 4, a, b, and ec. Diagrammatic illustrations of the embryologic development of the bilobate pa- 
rotid, first being indented by the nerve and finally submerging it. 


may be located approximately 1.5 em. deep to 
and 1 em. above the mastoid process. For a 
distance of approximately 1.2 em. it lies on the 
under surface of the superficial lobe and, at the 
isthmus, divides into a temporofacial and cervico- 
facial branch. Further branches begin in the 
plane between superficial and deep lobes, and 
medial to the deep lobe the pes anserinus lies 
between the superficial lobe and the masseter 
muscle. It is of importance to note that the 
mandibular branch frequently arises at, or near, 
the main trunk (fig. 7, insert), and without care 
may be injured in this position. The superficial 
lobe varies considerably in size and has been 
found to extend as far as 5 cm. down into the 
neck, where lesions may be mistaken for cervical 
tumors. It is covered by a fascial layer which 
must be incised to gain exposure. The deep lobe 
also is variable, usually overlying the base of the 
condylar process, but frequently having a pos- 
terior prolongation behind the mandible which 
may be adherent to the jugular vein. 


SURGICAL TECHNIQUE 


Certain fine points of surgical technique are 
worthy of description in some detail for work in 
this particularly delicate location. The authors 
have found technical minutia important in ac- 
complishing the tenets of “adequate extirpation 
without nerve injury.” 

1. Anesthesia. Endotrachial anesthesia is 
mandatory for all tumors of the parotid gland. 
Attempts at resection under local infiltration or 
regional block are fraught with failure and are 
condemned. Any lesion in the region of the 
parotid which includes in its differential diagnosis 
“possible parotid tumor’ should be approached 
with the patient asleep. All too frequently a 
seeded lesion is seen with a past history of an 
incomplete attempt at resection under local anes- 
thesia by the occasional operator. Anectine and 
anectine-like agents are to be avoided in surgery 
involving the facial nerve because they negate 
objective muscular contraction on nerve stimu- 
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Fia. 5, a. Y-incision with extensions for radical neck dissection and high temporal lesions indicated 
by “a lines. b. Vertical preauricular incision with extension below the angle of the mandible. ¢. 


Other incisions sometimes used. 


Fra. 6. Illustration of direct posterior approach to the main trunk of the facial nerve 


lation. One of the authors has recently been made 
acutely aware of this fact in attempting to stimu- 
late a facial nerve without the knowledge that 
anectine was being employed by the anesthesist. 
2. Position and draping. The position of choice 
for approach to any parotid neoplasm includes 
rotation of the head away from the affected side 
and extension of the neck with drapes so placed 
that the ear, edge of frontalis, outer canthus of 
the eye, nasal ala and angle of the mouth are ex- 


posed. Also draped into the operating field may 
be the entire ipsilateral neck to allow radical 
node dissection if indicated (fig. 10). 

3. Incision. The criterion of a satisfactory in- 
cision for this area is wide exposure. The incisions 
commonly used are illustrated in figure 5, that in 
figure 5a being the type recommended by the 
authors. This Y-incision includes a limb extending 
vertically anterior to the ear, a limb behind the 
ear and extension curving down below the angle 
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of the mandible, following the natural lines of the 
neck. This type is easily adaptable to exposure 
for neck dissection with the extensions shown in 
dotted lines, and to occasional high, temporal 
neoplasms. The incision shown in figure 5b is 
adequate for most parotid lesions; however, the 
Y has the advantage of allowing immediate ex- 
posure of the mastoid process and the posterior 
approach to the main trunk of the nerve. 

4. Exposure of field. After completion of the 
incision, flaps are developed, posteriorly to the 
mastoid process and sternomastoid muscle and 
anteriorly medial to the superficial lobe. 

5. Approach to nerve and resection of gland. 
With the lobe of the ear retracted upward the 
dense fascia covering the gland is then incised 
longitudinally, the posterior extension of the 
superficial lobe is gently retracted upward and 


SURGICAL TREATMENT OF PAROTID TUMORS 935 


the main trunk is identified (fig. 6). The inter- 
lobar cleavage plane is then developed and the 
two main branches of the nerve followed and iso- 
lated as the superficial lobe is peeled medially. 
Occasionally a small deep lobe will come up with 
the superficial lobe as the isthmus is freed (fig. 7), 
but more often the isthmus is best divided, allow- 
ing completion of superficial lobectomy followed 
by deep lobectomy under maximal exposure 
(fig. 8). In cases of excessive bleeding, the external 
carotid artery may easily be located for ligation 
one finger-breadth below the angle of the 
mandible. 

6. Neck dissection. If neck dissection is elected, 
the parotid portion of the resection is done first, 
sweeping the gland downward (fig. 9). En-bloc 
dissection is then completed, generally following 
the technique of Hayes Martin (fig. 10). 


Fic. 7. Demonstration of total en-bloc parotidectomy with the main trunk and branches of the facial 
nerve exposed. 
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Fig. 8. Exposure of the facial nerve in superficial lobectomy—Note the small deep lobe remaining 


Fig. 9. Mobilization of the parotid gland prior to proceeding with neck dissection 


7. Tarsorrhaphy. In cases requiring sacrifice of SUMMARY 
the ophthalmic division of the facial nerve, lateral 1. Inadequacies of surgical excision of parotid 
tarsorrhaphy is strongly recommended at the time tumors are the factors chiefly responsible for the 
of resection, thus precluding corneal ulcer prior — high recurrence rates of these lesions. 
to its development. 2. Concentration of material, standardization 
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IN. 


Fig. 10. Illustration of completed total parotidectomy, facial nerve resection and radical neck 


dissection. 


of methods, centralization of responsibility and 
strict supervision are of prime impcrtance in 
successful treatment of any uncommon lesion, 
such as parotid neoplasms. 


Riley P. Foster, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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THE MANAGEMENT OF URETERAL COLIC CAUSED BY CALCULUS 


GENE A. GuINN, M.D., anp J. Leaver, M.D.* 


Houston, Texas 


The management of patients with ureteral 
stone colic may pose some difficult therapeutic 
problems. A review of our experiences with the 
various treatment modalities was suggested by 
the occurrence of a series of major complications 
incident to the cystoscopic manipulation and ex- 
traction of ureteral calculi. In consequence, the 
records of 456 patients were reviewed and statisti- 
cal data relative to morbidity, mortality, the size 
and location of the ureteral calculi, and the com- 
plications following the use of various forms of 
treatment were tabulated. Our data reinforce the 
recorded impressions of other authors that the 
eystoscopic extraction of ureteral calculi is not an 
inocuous procedure. The complications common 
to such efforts, whether successful or not, strongly 
suggest that the choice of some alternate method 
of treatment is the better part of wisdom.!: 2:3: 4 

Ureteral colic usually produces pain of such 
intensity that the patient consults his physician 
immediately, demanding relief. Opiates and 
synthetic narcotics are adequate for this purpose 
in most instances. Many ureteral calculi pass 
spontaneously with the initial episode of pain, 
and are of little concern to the physician except 
as regards recurrence and the possible identifica- 
tion of causative developmental factors. 

When the pain persists or recurs, or when signs 
of obstruction are present, further investigation 
is usually necessary. A plain film of the abdomen, 
or preferably an excretory urogram, sometimes 
with “delayed” films taken at intervals of 2, 4, or 
6 hours or longer, should be obtained soon after 
the patient is first seen, especially when some 
doubt arises that the pain may be caused by an 
acute intra-abdominal process. Since approxi- 
mately 95 per cent of all ureteral stones contain 
calcium, they will usually be seen on the roent- 
genograms. Important details in the interpreta- 
tion of the x-ray films include information con- 
cerning the size and contour of the stone, its 
location, and the status of the contralateral 

* From the Cora and Webb Mading Department 


of Surgery, Division of Urology, Baylor University 
College of Medicine, Houston, Texas. 


939 


kidney as well as of the kidney that is blocked by 
the stone. 

The initial decision in the choice of treatment 
is of some importance in the subsequent course of 
events. Small calculi causing little or no pain and 
without demonstrably significant obstruction are 
usually treated expectantly since their early 
spontaneous passage is to be anticipated. Stones 
1 em. or larger in their greatest diameter, and 
especially those whose descent is arrested for any 
prolonged period of time in the upper two-thirds 
of the ureter, are usually treated by surgical 
ureterolithotomy. In this, there is general agree- 
ment among urologists. Stones smaller than 1 em. 
in their largest diameter, which cause persistent 
or recurrent pain, minimal to complete obstruc- 
tion, and which show no tendency to descend from 
a position in the lower third of the ureter, are 
those which present the greatest problems in 
management. In such cases, treatment basically 
involves three choices: First is that of continued 
supportive treatment with the expectation that 
sooner or later the stone will pass spontaneously. 
The second choice is that of “open” or surgical 
removal of the stone. The third method of treat- 
ment involves either the mechanical dilation of 
the ureter with catheters so that the stone will 
pass spontaneously after their removal, or the 
immediate forcible extraction of the calculus with 
one of the many cystoscopic instruments devised 
for this purpose. Factors which may influence this 
decision include the presence or absence of in- 
fection, incapacitating severe pain that responds 
poorly to the administration of narcotics, or a 
history of previously unsuccessful cystoscopic 
manipulation of the stone. 


CLINICAL MATERIAL 


The records of all patients with ureteral colic 
thought initially to be due to calculi admitted to 
three of the six Baylor Affiliated Hospitals for the 
three-year period ending December 31, 1957, 
were reviewed. Included were the Jefferson Davis 
Hospital, a city-county hospital exclusively for 
indigent patients, St. Luke’s Episcopal Hospital, 


| 
| 


940 


an exclusive private hospital with a large annual 
urologic census, and the Veterans Administration 
Hospital. All such cases were studied, and in- 
cluded patients managed by 20 qualified urolo- 
gists, other physicians, and urology residents at 
the Jefferson Davis Hospital. For an accurate 
assessment of the various treatment methods in 
current use, information relative to morbidity, 
mortality, size and location of the stone, the 
method used in the individual case, and the 
resulting complications was extracted from the 
records. The sex incidence was also noted. A total 
of 456 cases were reviewed. In those hospitals 
admitting patients of both sexes, there were 113 
women and 258 men. Forty-three calculi were 
located in the upper third of the ureter, 42 were 
in the middle third, and 363 were in the lower 
third. 


MORBIDITY 


The average hospital stay for those patients 
admitted to other than the Veterans Administra- 
tion Hospital was 6.7 days. In the indigent hospi- 
tal, to which admission was necessarily on a more 
selective basis because of over-crowding, with 
most cases admitted only when spontaneous pas- 
sage did not result after a long period of out- 
patient observation, the average morbidity was 
11 days. At. St. Luke’s Episcopal Hospital the 
average stay in the hospital was 6.2 days. Private 


TABLE 1 


Procedure Hospital Days 
Ureterolithotomy.................. | 13.7 
| 
Cystoscopic manipulation and ex- | 


TABLE 2 
Treatment modalities employed in 456 cases 


Procedure | No. of Patients 
Uretveroithotomy . 75 
Basket 76 
Cystoseopic placement of indwell- 

Ureteral meatotomy............... 
Ellik loop catheter... 5... 3 

2 


Nephroureterectomy............... | 
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patients were usually admitted to the hospital 
immediately after the onset of the attack. 

Table 1 reflects the average hospital stay when 
some type of operative intervention was con- 
sidered necessary. It is of interest that when the 
attempt at cystoscopic extraction proved 4 
failure, necessitating another procedure, or when 
complications developed, the average stay was 
prolonged to 15 days. When more than one pro- 
cedure proved necessary, only the initial method 
employed was used for the calculation of mor- 
bidity. 

The majority of patients treated expectantly 
either passed the calculus before or during ad- 
mission, or it was of such size that it was expected 
to pass, and was causing no disability. Since all 
patients with the diagnosis of ureteral calculus 
were included in this series, the propriety of 
including certain cases in which no stone was re- 
covered, or in which none was demonstrable by 
x-ray, might be open to question. The diagnosis 
in these patients was usually based on the pre- 
senting complaint of colic and microscopic 
hematuria. 

The stones lodged in the upper third of the 
ureter were treated in much the same manner in 
all cases. There are certain principles which are 
generally recognized as precluding the use of 
cystoscopic manipulative extractive procedures 
when stones are :ocated here. There is therefore 
correspondingly less temptation for the urologist 
to try for a “one-day cure.” These include the 
vulnerability of the ureter to severe injury be- 
cause of lack of fixation of this part of the ureter, 
and the long course that an irregular and jagged 
stone would have to travel were it engaged by a 
cystoscopic instrument. The arrest of descent of 
the stone in the proximal ureter indicates that in 
most cases the stone is of a large caliber. Of 36 


TABLE 3 
Methods of management of stones in upper third of 


the ureler 
Procedure No. of Patients 

Expectant therapy................. 5 
Ureterolithotomy 36 
Cystoscopy with indwelling cath- 

Nephroureterectomy............... | 1 
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stones removed by ureterolithotomy none was 
smaller than 0.5 em. and 26 calculi were 1 em. in 
size or larger. Those treated expectantly were 
usually small calculi. Ureteral catheters were 
passed beyond one small stone from below because 
of acute infection: the stone was subsequently ex- 
tracted from the lower ureter. 

Complications secondary to the surgical re- 
moval of stones in this area include 6 urinary 
fistulas, all of which closed after the insertion of 
ureteral catheters from below for drainage, 2 
episodes of postoperative pyelonephritis, and one 
retroperitoneal hemorrhage. The latter occurred 
in consequence of failure to control bleeding in 
the paraspinal muscles, following the use of the 
posterior approach of Simon, a favorite of one 
urologist. 

The patients who were neither operated on nor 
subjected to some cystoscopic extractive pro- 
cedure either passed their stones or were expected 
to do so without difficulty. No stones were suc- 
cessfully extracted from the mid-third of the 
ureter. Of those attempted, one was rewarded by 
the pulling out of the terminal 10 cm. of the 
ureter along with the stone. One would hardly 
classify this as a successful result. This patient 
has not yet come to nephrectomy, but it will un- 
doubtedly be necessary in the future. Renal 
function was demonstrable in postoperative 
excretory pyelograms, and the patient left the 
hospital without further surgery, although his 
postoperative course was far from smooth. The 
other 2 patients with stones in the mid-ureter 
were unsuccessfully subjected to the same pro- 
cedure, but in each instance were immediately 
treated by ureterolithotomy. In 2 patients the 
stones located in the mid-ureter were small and 
caused only moderate obstruction without fever. 
These were successfully managed with by-passing 
indwelling ureteral catheters without any com- 


TABLE 4 
Management of stones in the mid-third of the ureter 
Procedure No. of Cases 

Expectant treatment............... 22 
Hasket instrument................. 3 
15 
Cystoscopy with indwelling cath- 
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TABLE 5 
Management of stones in the lower third of the ureter 
Method of Treatment | No. of Cases 
| 
Expectant treatment............... 222 
24 
Cystoscopy with indwelling ureteral | 
Ureteral meatotomy................| 7 
Ellik loop ureteral catheter ex- | 
Nephroureterectomy............... 1 


plications resulting. All patients for whom 
ureterolithotomy was done for stones in this area 
had generally uneventful postoperative courses. 
Two patients had persistent fistulas for 10 and 12 
days respectively. The only major complication 
was the development of a postoperative stricture 
in one patient; nephrectomy was subsequently 
necessary. 

As indicated in table 5, the surgical removal of 
stones impacted in the lower third of the ureter 
was done infrequently. Fifteen of the 24 stones 
removed were larger than 0.5 cm., indicating that 
size of the calculus was a major factor. Four 
smaller stones were removed by ureterolithotomy 
when it was impossible to by-pass the stone with 
a ureteral catheter. Complications included pro- 
longed drainage for as long as 15 days in 3 cases, 
and 1 case of postoperative pyelonephritis. The 
remainder made unremarkable recoveries. 

When a comparison is made between patients 
treated by ureterolithotomy and those who were 
subjected to cystoscopic manipulation and ex- 
traction of the stone, the differences are quite 
striking. In the latter procedure the Johnson 
stone basket was the instrument of choice in the 
majority of cases. Except for the displacement of 
stones from their initial locations, the complica- 
tions resulting from the use of other instruments 
were relatively infrequent. Pyelonephritis de- 
veloped in one patient, and thrombophlebitis in 
another. Several cases listed as being treated by 
indwelling uretera) catheters were in reality ones 
in which the operator had been unable to pass a 
basket alongside the stone. 

The incidence of complications listed in table 6 
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TABLE 6 


Complications resulting from the use 
of the stone basket 


Complication No. of Patients 

Failure, with subsequent ureteroli- 

Rupture of the ureter necessitating 

Successful extraction, but with 

eventual nephrectomy............ 3 
Basket hung in ureter, necessitating 

surgical removal... 1 
Postoperative pyelonephritis....... 
Pulmonary embolus................ 1 


was 18.9 per cent. This indicates that almost 1 
case in every 5 in which the stone basket was used 
developed a major complication. If one were to 
include the complications incident to the at- 
tempted removal of stones in the mid-third of the 
ureter, the incidence of major complications 
would rise to 24 per cent. Although not specifically 
listed, many other patients had varying degrees 
of postcystoscopic colic, hematuria, and flank 
pain. Almost without exception ureteral catheters 
were left indwelling after a successful stone ex- 
traction, indicating the cystoscopist’s wariness of 
possible complications even when the procedure 
went well. In 18 cases, the stone was not recovered 
at the time of attempted cystoscopic extraction. 
It proved impossible to correlate the size of the 
stone with the occurrence of complications be- 
cause of failure of the individual operators to list 
this information on the records. It should be 
pointed out that the cases from the indigent 
hospital were characterized by a disproportionate 
share of the complications in this category. This 
re-emphasizes the importance of careful super- 
vision in the training of residents, and that the 
cystoscopie extraction of ureteral calculi is not a 
procedure for novices. 


Incidence of Recurrences 


97 (21.2 per cent) 


The problem of recurrence®: * in ureteral calculi 
was quite evident. A notation in the routine 
history was present in all of these cases indicating 
that a stone had been previously recovered, 
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whether passed spontaneously or removed by 
some type of operative procedure. Had a more 
detailed history been recorded on every record, 
the recurrence rate would have been undoubtedly 
higher. These cases did not include the patients 
with large staghorn calculi who periodically 
passed portions of the stones as ureteral calculi, 
By far the majority were single stones in an other- 
wise normal urinary tract. In those hospitals ad- 
mitting patients of both sexes, stones recurred in 
men 21% times more frequently than they did in 
women (62:18). Most patients were carefully 
screened for possible hyperparathyroidism; only 
2 were found to have this disease. It was also ob- 
served that 52 patients in this series harbored 
other calculi which ranged from a single small 
stone in one calyx to large bilateral staghorn 
calculi. Four patients were observed with ureteral 
calculi developing in the remaining kidney after 
earlier nephrectomy because of calculous disease. 


DEATHS AND ERRORS IN DIAGNOSIS 


The difficulties often encountered in establish- 
ing the etiology of abdominal pain are well known 
to all physicians. This was well demonstrated in 
the review of the cases of pain due to ureteral 
calculi: the penalty was high for faulty diagnosis 
in several cases. An incorrect diagnosis was made 
in 7 patients. Three deaths occurred and in all 
the initial diagnosis had been incorrect. Two pa- 
tients died as a result of unrecognized perinephric 
abscesses and septicemia secondary to ureteral 
calculi. In a third case, the patient was treated 
for a ureteral calculus in association with a non- 
functioning kidney. This patient died on the third 
day following admission because of a renal artery 
thrombosis. Two appendectomies were performed 
for symptoms caused by right lower ureteral 
calculi. A cholecystectomy was also performed on 
a patient for symptoms later shown to have been 
caused by a ureteral calculus. In one case, a sup- 
posedly negative urologic study had been re- 
ported, but when the patient was subsequently 
explored for appendicitis a stone was found in the 
ureter. 


SUMMARY 


Patients who harbor ureteral stones may 
present problems which tax the diagnostic acumen 
and surgical judgment of the attending physician. 
The diagnosis is usually made without difficulty, 
but in some patients with bizarre abdominal or 
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flank pain patterns, it may elude detection unless 
a high index of suspicion is maintained. A history 
of previous calculi is important, inasmuch as re- 
currence is frequent. Immediate relief of pain 
which may produce shock-like states is of prime 
importance and can usually be accomplished in 
most cases with opiates or the synthetic narcotics. 
To assess the problem accurately an excretory 
urogram, frequently with delayed films, is a 
fundamental requirement in almost all cases. The 
size, location and contour of the stone should be 
noted, as well as the status of the involved kidney 
and its mate. Causative metabolic disorders 
should be considered and ruled out. The presence 
of infection, the identification of the causative 
organism, and its sensitivity to antibacterial and 
antibiotic drugs should be determined. 

When all of these studies are complete, the 
decision regarding subsequent management is 
made based on all of the available information. 
Because a high percentage of ureteral calculi 
either pass with the initial episode of pain or 
shortly thereafter, all small stones should be 
allowed enough time to pass spontaneously. The 
use of multiple indwelling ureteral catheters to 
provide relief from persistent pain due to in- 
fection or obstruction or both is invaluable. This 
method has proved to be relatively free from com- 
plications and usually results in the passage of as 
many calculi as can be extracted by all other 
types of cystoscopic instruments. Except for the 
use of indwelling catheters for this purpose, other 
cystoscopic instruments have no place in the 
management of stones lodged above the lower 
third of the ureter. In the upper and middle 
thirds of the ureter, all stones larger than 1 cm., 
those associated with infection or marked ob- 
struction, and those which do not change po- 
sition after a period of watchful expectancy 
should be removed by ureterolithotomy. Pro- 
crastination and/or repeated attempts to extract 
large lower ureteral calculi are associated with 
prolonged morbidity and an increased incidence 
of serious complications. 
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CONCLUSIONS 


1. The majority of ureteral calculi are found to 
be in the lower ureter during the initial episode of 
pain and may be expected to pass spontaneously. 

2. Ureterolithotomy is a safe method for the 
management of large ureteral calculi (1 cm. or 
larger) and is the treatment of choice. 

3. The high percentage of serious complications 
in the management of lower ureteral calculi by 
cystoscopic extraction with a stone basket indi- 
cates that this instrument should be used with 
considerably more caution than in the past, if 
at all. 

4. Recurrent ureteral calculi were noted in 21 
per cent of the cases reviewed, and men reformed 
stones 2.5 times more frequently than women. 

5. The occurrence of three deaths in which the 
diagnosis was wrong emphasizes the importance 
of a complete study in all cases of obscure ab- 
dominal or renal pain. 

6. Conservatism in the management of ureteral 
calculi is again to be emphasized, since the basic 
etiology of the disease is unknown, the recurrence 
rate is high, and the complications resulting from 
ill-advised treatment frequent. 


Gene A. Guinn, M.D. 
218 Hermann Professional Building 
Houston, Texas 
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CONSERVATIVE METHOD OF REPAIRING SURFACE DEFECTS OF THE 
LOWER EXTREMITIES WHERE BONE IS EXPOSED 


S. Baron Harpy, M.D.* 


Houston, Texas 


The usual method of repairing traumatic 
injuries of the lower extremities, including deep 
burns, where the surface covering is lost and bone 
is exposed, is by the use of pedicle grafts. Among 
cases of this kind, there are certain ones in which, 
for one reason or another, it may not be feasible 
to supply surface covering by this method: 
general systemic conditions may be present which 
would contraindicate such surgical procedures; 
the circulation in the extremities may be poor; 
the case may be seen late after the bone has been 
exposed for a long time and infection is present; 
the patient may be an aged individual where it is 
impractical to do the extensive repair involved in 
pedicle grafts; or, for economic reasons, the indi- 
vidual is unable to be hospitalized and incapaci- 
tated for the necessary period of time. 

In this group of patients, a conservative method 
of repair might be carried out. True enough, the 
conservative method is a compromise procedure, 
but it does offer the patient a serviceable covering 
by means of split thickness skin grafts which does 
well with an average amount of care. 

The method consists in keeping the wound 
around the exposed bone area clean and rela- 
tively free of infection, and grafting the granulat- 
ing areas, if present, up to the exposed bone, 
using split thickness skin grafts, thereby reducing 
the size of the defect and making it easier to 
control the infection about the bone. As:a rule, 
this is done as a preliminary procedure, since 
there are usually varying degrees-of soft tissue 
damage surrounding the exposed bone. 


The case is then observed carefully. Bone 


sequestrum forms, and its progress is followed by 
x-rays. After the sequestrum is well formed and 
demarcated, it can be removed surgically. No 
doubt, the sequestrum would separate spontane- 
ously, in time, but this would be a slow process. 
Surgical removal shortens the time considerably. 
Where only a small area of bone is involved, 


* From the Cora and Webb Mading Department 
of Surgery, Division of Plastic Surgery, Baylor 
University College of Medicine, Houston, Texas. 
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surgical removal of this area back to good healthy 
bone hastens the formation of granulation tissue, 
so that grafting can be done sooner, as in case 3. 

It is always important to let the sequestrum 
demarcate itself well before attempting surgical 
removal. In one of our cases (case 1), even though 
the sequestrum appeared to involve nearly half 
the circumference of the tibial shaft, no opening 
was made in the medullary cavity by the removal 
of the sequestrum, which proved to involve only 
the outer portion of the cortex. 

After the removal of the sequestrum, the area 
is allowed to granulate, so that a good surface of 
granulation tissue is present over the bone on 
which a split thickness skin graft is placed. The 
“take”’ of the graft is usually complete because of 
the good bed on which the graft is placed. In our 
cases, the remaining bone structure proved ade- 
quate for support, so that no subsequent bone 
grafting was necessary. 

The conservative method was used in the fol- 
lowing cases, and proved entirely satisfactory in 
each instance. One case is given in detail to illus- 
trate the method. We would like to point out that 
in case 4 of this series granulation tissue covered 
the exposed bone and epithelialization took place, 
making skin grafting unnecessary. 


CASE REPORTS 


Case 1. A 43-year-old white male sustained 
superficial and deep thermal burns of the lower 
extremities and lower abdomen on October 12, 
1954. The burns were treated by the open method. 
We first saw the patient two months later, at 
which time a large, adherent eschar was present 
over the anterior surface of the left leg in its upper 
and middle thirds, and over the anterior surface 
of the right leg in its upper third. There was dry 
gangrene of the dorsal aspect of the distal phalanges 
of the great and second toes of both feet. Since 
the patient wished to go home for the Christmas 
holidays and the areas were dry, he was discharged 
from the hospital and re-admitted on January 16, 
1955. 

On January 19, 1955, at operation the necrotic 
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Fig. la. Appearance of burn of left leg before preliminary skin grafting. 


Fig. Ib. View of both legs: split thickness skin graft has taken well over the bone on the right leg; 
on the left leg, granulating surface up to the bone has been grafted. 


Fic. 1c. View showing bone exposed, approximately 6 months duration. 
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Fic. 1d. X-ray, August 22, 1955, showing formation of sequestrum, but incomplete demarcation 


Fic. le (upper). Operative view of leg following sequestrectomy: (lower), x-ray findings at time of 
operation, showing complete demarcation of sequestrum of tibia. 
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Fic. lg. Appearance of leg before final split thickness skin grafting; granulation tissue has 


covered the bone. 


tissue of the great and second toes was excised. 
Repair was done, using plantar flaps from the 
toes to cover the defects over the dorsum, after 
removal of the involved phalanges. The eschars on 
the legs were dry and adherent at this time. 

On February 17, 1955, the densely adherent 
eschars on both legs, as noted above, were excised 
(fig. la). A split thickness skin graft was used to 
cover the denuded area on the right leg over the 
tibia and the surrounding area; on the left leg, a 
split thickness skin graft was used to cover the 
granulating surface up to the bone. Multiple drill 
holes were made in the upper part of the exposed 
tibia of the left leg in an effort to promote the 
formation of granulation tissue, but this did not 
prove successful. The patient was discharged on 
March 12, 1955, with the right leg completely 


epithelialized, the graft having taken well over 
the tibia; and with the tibia of the left leg exposed 
in its upper and middle thirds for approximately 
16 em. (fig. 1b). 

The patient was re-admitted July 20, 1955, at 
which time a walking cast was applied to the left 
leg. The exposed bone was dry; there was very 
little exudate about the periphery (fig. lc). X-ray 
showed the formation of a large bone sequestrum 
but incomplete demarcation in some areas. 

He was re-admitted August 21, 1955, at which 
time the walking cast previously applied was re- 
moved. There was very little change in the appear- 
ance of the bone. The patient continued to get 
about and returned to work (fig. 1d). 

On November 30, 1955, 13 months after sustain- 
ing his burns, a sequestrectomy was done on the 


| Fig. 1f. X-ray view showing bone defect of the tibia after sequestrectomy, December 1, 1955. 
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Fia. lh (left). Post-operative view of left leg 
Fia. li- (right). Post-operative follow-up, approximately two years later 


Fic. 2a. Appearance of the leg, showing the tibia exposed; split thickness skin grafts have been 
applied to the granulating surface adjacent to the bone. 
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Fig. 3a (left). Chronic ulcer of right leg, with bone exposed in the base _ j 
Fig. 3b (right). Showing the wound after sequestrectomy has been done and granulation tissue has 
covered the bone. 


Fig. 2b. Final post-operative results 
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Fia. 3c. Final post-operative results 


left tibia. Surprisingly enough, the sequestrum 
did not extend down to the medullary cavity, but 
involved only the outer layers of the cortex (fig. 
1f). This area was dressed and allowed to 
granulate. 

On January 9, 1956, the periphery of the granu- 
lating surface was freshened, the granulation tis- 
sue was excised superficially, and a split thickness 
skin graft was used to cover the surface (fig. 1g). 
The patient did very well postoperatively; the 
“take”’ of the graft was complete, and he was dis- 
charged January 26, 1956 (fig. lh). He has been 
seen in the office on several occasions, the last time 
being April 15, 1958. At this time, both legs were 
completely healed. Even though the patient has 
been working and carrying on his activity as 
usual, there has been no breakdown of tissue. The 
surface covering over the left tibia is entirely 
satisfactory (fig. li). 

Case 2. A colored female aged 79 was admitted 
April 15, 1954, after sustaining a deep burn to her 
right leg two months previously. On admission, 
the tibia was exposed for approximately 15 cm. 
of its length. She was treated with wet dressings, 
and, on May 3, 1954, a split thickness skin graft 
was used to cover the granulating surface adjacent 
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to the exposed bone (fig. 2a). The ‘‘take’’ of the 
graft was good, and she was discharged May 25, 
1954. 

The patient was re-admitted July 16, 1954, at 
which time x-ray revealed that a well demarcated 
sequestrum of the tibia was present. On July 21, 
1954, a sequestrectomy was done, creating a defect 
approximately 17 cm. long and 2)4 em. wide. The 
exposed bone was left to granulate. 

On August 25, 1954, the area over the bone was 
well granulated, and a split thickness skin graft 
was used to cover the defect. The patient did very 
well postoperatively and was discharged from 
the hospital with the leg well healed. She was seen 
on several occasions in the following year and the 
condition of the surface covering was good with 
no ulceration present. She is carrying on normal 
activity (fig. 2b). 

Case 3. A white male, aged 35 years, was first 
seen on December 15, 1955, with an ulcer of the 
lower third of the right leg, measuring approxi- 
mately 214 cm., with bone exposed in the base, 
which had been present for three years (fig. 3a). 
Surrounding the ulcer was thick, peripheral 
scarring due to an old injury which resulted from 
a compound fracture of the tibia sustained 20 
years previously and refractured 5 years previ- 
ously at the same site. For economic reasons, the 
patient was unable to have this resurfaced in the 
usual way by pedicle graft. . 

On January 13, 1956, at operation a sequestrec- 
tomy was done; the margins of the ulcer were 
freshened and the area allowed to granulate (fig. 
3b). On March 9, 1956, a split thickness skin graft 
was used to cover the granulating area. The ’’take”’ 
of the graft was complete. The patient has been 
seen on various occasions for 2 years postopera- 
tively, and the surface covering has proved satis- 
factory, despite the fact that on one occasion a 
small blister occurred over the area of the graft due 
to irritation from wearing riding boots (fig. 3c). 

Case 4. A 37-year-old white male sustained a 
compound fracture of the left leg at the junction 
of the middle and upper thirds on March 7, 1957. 
We first saw the patient two months later, at which 
time the tibia was exposed for a distance of ap- 
proximately 7 cm. along one margin of the wound 
and a portion of the bone plate was visible. A 
cross-leg pedicle graft was delayed on the opposite 
leg and transferred on August 23, 1957; it was di- 
vided and revised on August 19, 1957, and the final 
revision done on August 24, 1957. The patient did 
very well postoperatively and the surface cover- 
ing proved satisfactory. However, the orthopedic 
surgeon on the case decided that a bone graft was 
necessary because of nonunion. 

On November 23, 1957, an incision was made 
along the lateral side of the graft margin, the 
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bone plate was removed from the tibia, and ilial 
pone grafts were applied to the anterior, lateral, 
and posterior surfaces of the tibia across the 
fracture site; the wound was closed. Postopera- 
tively, the patient did not do well. Tension de- 
veloped in the wound; the wound opened; and the 
exposed bone grafts on the anterior and lateral sur- 
faces of the tibia had to be removed. The wound 
was closed secondarily, but reopened, exposing the 
tibia for approximately 6 cm. in length and i cm. 
in width along its lateral surface. 

Since a pedicle graft had been applied previ- 
ously, it was not considered feasible at this time 
to again resurface with a pedicle graft. The wound 
was treated conservatively. It was kept clean with 
frequent wet dressings, and the granulation tissue 
formed slowly over the exposed bone, until it cov- 
ered the denuded bone completely. The wound 
epithelialized and no grafting was necessary. The 
patient has been seen on various occasions and, 
at the present time, the surface covering of this 
area is entirely satisfactory; he is still wearing a 
cast for the support of his unstable tibia. 


SUMMARY 


A conservative method for the management 
of traumatic injuries of the lower extremities, 
including deep burns, where the surface covering 
is lost and bone is exposed, is described. Four 
cases are presented in which the method was used 
successfully. 

At best, the conservative method is a com- 


SURFACE DEFECTS OF LOWER EXTREMITIES 


951 


promise procedure, but, where indicated, it 
serves to supply an adequate covering which 
holds up well when given suitable care. It, 
certainly, is not advocated as a substitute when 
the usual method of repair by pedicle graft can 
be carried out. 

Perhaps, a criticism of the method is the length 
of time involved before the case is completed. 
However, patients are discharged from the hos- 
pita] while the sequestrum is forming, and are 
able to carry on a certain amount of activity. 
One patient was able to carry on his regular 
work. 


Baylor University College of Medicine 
Houston, Texas 
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POSTOPERATIVE APNEA AND RESPIRATORY INSUFFICIENCY: THE ROLE 


OF THE RELAXANT DRUGS AND OTHER ETIOLOGIC FACTORS* 


Watrer H. MANNHEIMER, M.D., AND ArtTHuR S. Keats, M.D.f 


Houston, Texas 


The increasing number of reports of postopera- 
tive apnea or respiratory insufficiency as a 
postoperative syndrome indicates that this com- 
plication has become distressingly frequent in 
recent years.® Typically, patients presenting this 
problem have received a general anesthetic for a 
major surgical procedure and at the end of the 
operation either (1) fail to initiate their own 
respirations, or (2) if respiratory efforts are made, 
fail to breathe adequately to maintain oxygena- 
tion. The respiratory efforts of these patients may 
consist only of uncoordinated contractions of the 
diaphragm and intercostals with little pulmonary 
exchange. 

The cause of this complication has been most 
commonly and correctly ascribed to the use of 
muscle relaxants. No doubt postoperative respir- 
atory insufficiency occurred in the pre-curare era 
of anesthesia; but there is also no doubt that the 
present high incidence is the result of the in- 
creased use of muscle relaxants. During the past 
30 months, a period in which a total of 11,805 
general anesthesias (excluding obstetrical) were 
administered in our hospitals, postoperative 
apnea or respiratory insufficiency occurred in 1 of 
238 patients who had received general anesthesia 
in which some muscle relaxant was used (33 in 
7,848). In contrast, the incidence in patients re- 
ceiving general anesthesia, but without muscle 
relaxants, was | in 989 (4 in 3,957). Others have 
reported frequencies varying from 1 in 8 to 1 in 
1200 general anesthesias in which muscle relax- 
ants were used.® 

Our review consists of the records of 37 pa- 
tients in whom postoperative apnea or respiratory 
insufficiency occurred. A statistical breakdown of 
the primary etiologic factors in this group was not 
possible since, in many, multiple factors operated 


* Supported in part by Grant No. H-2301 from 
the United States Public Health Service and by 
the C. J. Thibodeaux Foundation. 

+ From the Cora and Webb Mading Depart- 
ment of Surgery, Division of Anesthesiology, 
Baylor University College of Medicine, and the 
Veterans Administration and Jefferson Davis 
Hospitals, Houston, Texas. 


and in others, none could be identified. The pur- 
pose of this report is (1) to present those causes 
of postoperative respiratory insufficiency which 
could be identified, and (2) to present an etiologic 
classification for this complication. 


APNEA AND RESPIRATORY INSUFFICIENCY RELATED 
TO THE USE OF CURARE DRUGS 


Overdosage 


Administration of excessive amounts of any of 
several types of drugs can result in postoperative 
respiratory insufficiency. However, excessive ad- 
ministration of muscle relaxants is especially 
likely to occur because of the demands for pro- 
found muscle relaxation by surgeons now familiar 
with the relaxation available through their use. 
The administration of large doses of nondepolar- 
izing drugs, (d-tubocurare or Tubocurarine, and 
gallamine or Filaxedil) has become common 
practice since the effect of nondepolarizing muscle 
relaxants can be antagonized by anticholinester- 
ase drugs, e.g., neostigmine and edrophonium 
(Tensilon). This safety factor does not exist for 
the depolarizing relaxants (succinylcholine or 
Anectine and decamethonium or Syncurine). 


Patient 1. A 34-year-old obese female underwent 
an exploratory thoracotomy and _ laparatomy 
following stab wounds. Anesthesia was induced 
with cyclopropane-oxygen, and a 0.2 per cent 
sueccinylcholine infusion was started. Because of 
extreme obesity it was difficult to obtain satis- 
factory muscle relaxation. Repair of the dia- 
phragm, hepatorrhaphy, and splenectomy were 
performed, requiring transfusion of 1000 ec. of 
blood. The patient received 2 gm. of succinyl- 
choline during the 2! hour anesthesia. At the end 
of operation, assisted respiration was required for 
the next 134 hours before respirations became 
adequate. 


Succinylcholine (succinyldicholine) is a short- 
acting neuromuscular blocking drug which is 
rapidly hydrolyzed by pseudocholinesterase, an 
enzyme produced in the liver. The products of 
hydrolysis are succinylmonocholine and choline. 
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The rate of hydrolysis of succinylmonocholine is 
dower than that of succinylcholine. Therefore, 
with large doses of succinylcholine, especially by 
continuous infusion, a high concentration of 
succinylmonocholine may accumulate. This mono- 
choline possesses a neuromuscular blocking 
action in itself, although only about one-twentieth 
as potent as the dicholine,® and can prolong the 
effect. 
Decreased Liver Function 


The liver is probably the most important ulti- 
mate site of destruction of all muscle relaxants, 
although some (gallamine and decamethonium) 
are eliminated to a significant degree through the 
kidney as well. The use of any relaxant in a pa- 
tient with liver disease may result in failure of 
detoxification and prolonged curarization. This is 
especially likely with succinylcholine, since data® 
suggest that the liver, and not the circulating 
blood, is the primary site of succinylcholine 
hydrolysis. 


Patient 2. A 60-year-old white male, admitted 
with marked weight loss and progressive jaundice 
was prepared for pancreato-duodenectomy. He 
was anesthetized with cyclopropane-oxygen and 
given 40 mg. of succinylcholine for endotracheal 
intubation. Respiration had returned to normal 
by the time the peritoneum was opened (20 
minutes later). Relaxation was inadequate with 
cyclopropane alone; therefore, a 0.1 per cent suc- 
cinylcholine infusion was started and given inter- 
mittently. The operation was completed in 3!4 
hours during which time 300 mg. of succinyl- 
choline was administered. At the end of operation 
the patient was apneic. Artificial ventilation was 
given for a total of 3 hours before respiration was 
sufficient to allow removal of the endotracheal 
tube. 


Succinylcholine and Multiple Transfusions 


It is probable that the pseudocholinesterase 
level of stored citrated blood decreases with time 
of storage. Since this enzyme is responsible for 
the hydrolysis of succinylcholine, it is possible 
that multiple transfusions during hemorrhage 
may decrease available pseudocholinesterase by 
simple wash-out to levels which cannot effec- 
tively hydrolyze the administered succinyl- 
choline. In effect, succinylcholine will have 
become a long acting relaxant. 


Patient 3. A 64-year-old male was admitted to 
the hospital in coma following an episode of mas- 
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sive hematemesis. A tentative diagnosis of bleed- 
ing gastric ulcer was made. The patient was given 
1500 cc. of blood and brought to the operating 
room. His blood pressure was unobtainable. With- 
out premedication or anesthesia the patient was 
intubated after which 50 per cent nitrous oxide 
was given. The abdomen was opened; it contained 
about 3000 cc. of blood, from a ruptured aortic 
aneurysm which had perforated into the duo- 
denum. After clamping the aorta and after 6500 
ce. of blood had been administered the patient’s 
blood pressure rose to 90/70, he began to move, 
cough and strain. An infusion of a 0.1 per cent 
succinylcholine solution was started. A total of 
350 mg. of succinylcholine was given during the 
5-hour operation which consisted of resection and 
graft of the aneurysm and closure of the per- 
forated duodenum. The patient remained apneic 
for a period of 2!4 hours after the succinylcholine 
infusion had been discontinued. 


Electrolyte Imbalance 


The hazards of administration of relaxants to 
patients with marked electrolyte imbalance are 
well known.*:” The problem has been most 
common in patients with intestinal obstruction 
and patients with generalized peritonitis. The 
mechanism of the abnormal responses to re- 
laxants in these patients in terms of specific 
electrolyte effects is not clear. A relationship to 
potassium has been most often postulated. 


Patient 4. A 48-year-old male was admitted for 
drainage of an intraperitoneal abscess of unknown 
etiology, associated with vomiting and abdominal 
distension. He had pneumonia of the right lower 
lobe. Hemoglobin was 9.6 gm.; hematocrit, 33 per 
cent; serum sodium, 139 mKq./l.; serum potas- 
sium, 3.1 mEq./l.; plasma chloride, 88 mEq./l., 
and COsz, 23 mEq./l. Anesthesia was induced in the 
patient with 240 mg. of thiopental and cyclo- 
propane-oxygen. Forty mg. of succinylcholine was 
given for intubation. Anesthesia was maintained 
with cyclopropane. An infusion of 0.2 per cent 
succinylcholine was used for relaxation (340 mg. 
given over a period of 35 minutes). Laparotomy re- 
vealed 1500 cc. free fluid and pus in an abscess 
cavity. A toothpick, which had perforated the 
small bowel, was found in the abscess cavity. After 
the succinylcholine infusion had been terminated 
the patient remained apneic for 114 hours, then re- 
quired assisted respiration for an additional 45 
minutes. 


In patients with electrolyte imbalance the 
effect of muscle relaxants is unpredictable, often 
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being markediy potentiated. In the case of 
succinylcholine it is possible that these seriously 
ill patients also have a low serum cholinesterase 
level, preventing normal drug detoxification. It is 
more likely that the uncorrected electrolyte 
balance (either metabolic alkalosis or acidosis) 
interferes with the speed of chemical reactions 
necessary for normal detoxification or tissue 
distribution of the drug. Whatever the mecha- 
nism, the use of muscle relaxants in patients with 
severe electrolyte imbalance is hazardous. 


Alteration in Response of the Motor End Plate to 
Depolarizing Relaxants: Multiple Relaxants in 
the Same Patient 


It has been postulated that one of the mecha- 
nisms by which prolonged apnea may follow the 
use of succinylcholine is an alteration in the type 
of neuromuscular block produced by this drug. 
Ordinarily, succinylcholine produces a depolariza- 
tion block. However, after prolonged administra- 
tion (especially by infusion) a nondepolarization 
type of block (like that of d-tubocurare, and 
antagonized by neostigmine) may supervene. For 
example, it has been observed that a small dose 
of d-tubocurare, which usually causes only a 25 
per cent depression of the muscle contraction 
(after electrical stimulation), will produce a 100 
per cent depression when given after apparently 
complete recovery from a succinylcholine infu- 
sion.’ The accumulated succinylmonocholine is 
suspected as the agent maintaining this non- 
depolarizing block. This unpredictable action of 
succinyldicholine often leads to problems if 
more than one type of relaxant is administered 
to the same patient. 


Patient 5. A 60-year-old male with pulmonary 
tuberculosis was admitted for decortication of the 
left lung. Anesthesia was induced in the patient 
with 300 mg. of thiopental and cyclopropane and 
intubated after a single injection of succiny]- 
choline. Anesthesia was maintained with nitrous 
oxide-oxygen, meperidine, and succinylcholine by 
infusion. Respirations were controlled throughout, 
and the infusion was administered intermittently. 
For the last 40 minutes of surgery, no succinyl- 
choline was given. A total of 600 mg. of the drug 
was administered over a period of 3 hours. At the 
end of the operation, the patient’s respirations 
were shallow, infrequent, and irregular. After 1 
hour of artificial respiration, 0.8 mg. of atropine 
was given intravenously, followed in 5 minutes by 
1.5 mg. of neostigmine. Ventilation improved 
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dramatically and the endotracheal tube was re- 
moved. 


In this patient, neostigmine was tried as an 
antidote only because some respiratory activity 
was present. The administration of neostigmine 
to an apneic patient is hazardous because the de- 
gree of neuromuscular block may be unwittingly 
increased by it. Neostigmine will enhance a de- 
polarization type block, e.g., potentiate the action 
of succinylcholine. The dramatic improvement 
following neostigmine suggests that a persistent 
nondepolarization block developed following the 
succinylcholine infusion. 

A similar mechanism was observed in a patient 
receiving a succinylcholine infusion for 2 hours 
to supplement an ether-oxygen anesthesia. At the 
time of the closure of the peritoneum, a 
single injection of only 4.5 mg. of d-tubocurare 
was given. The resulting apnea lasted 4 hours. 
Here, the succinylcholine infusion had produced 
a type of neuromuscular block identical to that 
of d-tubocurare. The small additional dose of 
d-tubocurare profoundly potentiated this block. 
Such examples have led us to avoid the use of 
the two types of relaxants in the same patient. 


Possible Central Nervous System Effect of Relaxants 


At times the respiratory insufficiency which has 
followed the use of muscle relaxants has been 
strikingly similar to that seen in patients with 
bulbar poliomyelitis, suggesting a central nervous 
system action. These patients have irregular, un- 
coordinated respirations; they can move their 
extremities; they respond to commands and are 
semi-conscious; they may even take an effective 
breath on command. But, if left alone they will 
become cyanotic. Other patients remained un- 
conscious or amnesic as long as _ respiratory 
insufficiency was present and long after any 
anesthetic agent could be expected to remain in 
the body. These observations suggest that a 
central nervous system action of the relaxant has 
occurred. We have had 4 patients in whom this 
type of respiratory problem was noted. 


Patient 6. A 38-year-old male had a history of 
convulsions for 8 weeks. Because of the possibility 
of a brain tumor a pneumoencephalogram was 
done under general anesthesia. The patient was 
anesthetized with thiopental and nitrous oxide- 
oxygen, and a 0.2 per cent succinylcholine infusion 
was administered with controlled respiration. 
Anesthesia lasted 2 hours, 20 minutes during which 
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time 0.8 gm. of thiopental and 0.5 gm. of succinyl- 
choline were given. At the end of the procedure 
the patient was awake, could respond to com- 
mands, swallow, open his eyes and move all his 
extremities, but could not breathe adequately. 
His respirations had to be assisted for the next 30 
minutes. (The final diagnosis was posttraumatic 


epilepsy.) 


It has been well documented in man that the 
muscle relaxants have no effect on the brain, the 
spinal cord, or peripheral nerve in clinical doses." 
On the other hand, electrical stimulation of the 
phrenic nerve can produce contractions of the 
diaphragm in apneic curarized cats‘ which sug- 
gests a central action of curare. 


Potentiation of Nondepolarizing Relaxants by Ether 


The well known muscle relaxation produced by 
ether anesthesia is the result of an action on the 
neuromuscular junction similar to that of the 
nondepolarizing relaxants. For this reason during 
ether anesthesia the dose of such relaxants neces- 
sary to produce complete paralysis is only one- 
third to one-half the usual dose. 


Patient 7. A 52-year-old female was admitted 
with a history typical of chronic cholelithiasis. 
Liver function tests were normal. The patient was 
anesthetized with cyclopropane-ether for chole- 
cystectomy. When the peritoneum was entered the 
patient was given 12 mg. of d-tubocurare and anes- 
thesia was maintained with ether-oxygen. Two 
hours following the initial dose of curare an addi- 
tional 6 mg. of curare was given for closure of the 
peritoneum. At the end of the operation (14 hour 
following the last dose of curare and 1 hour after 
any ether had been given) the patient had inter- 
costal paralysis and inadequate respiratory ex- 
change: The endotracheal tube was left in place 
and the patient was ventilated to remove ether. 
After an additional 30 minutes 20 mg. of edro- 
phonium (Tensilon) was given in two doses with 
return of adequate respirations. 


Neostigmine Resistant Curarization 


The important safety factor in the use of the 
nondepolarizing relaxants is the availability of 
antagonists. Despite this, the administration of 
neostigmine to some patients fails to elicit the 
anticipated antagonistic effect even in- heroic 
doses. The reason for failure is not clear and 
probably is the result of a multiplicity of factors 
as electrolyte imbalance, potentiation by ether, 
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and a subtle alteration in the type of neuro- 
muscular block.’ 


Patient 8. A 58-year-old male with history of 
vomiting and abdominal pain for 48 hours was 
operated upon for relief of acute intestinal ob- 
struction. Preoperative blood studies showed 
hemoglobin, 15.4 gm.; hematocrit, 45 per cent; 
serum potassium, 4.0 mEq./I.; plasma chloride, 82 
mEq./l.; plasma 22.5 mEq./l. In spite of the 
electrolyte imbalance operation could not be de- 
layed. The patient was anesthetized with cyclo- 
propane and intubated after 6 mg. of d-tubo- 
curare was given intravenously. He was main- 
tained on ether-oxygen. Respirations were as- 
sisted but not controlled. At operation, regional 
ileitis was found involving multiple areas of small 
bowel. For peritoneal closure additional 6 mg. of 
curare was given, following which the patient be- 
came apneic. No further ether or other anesthetic 
was given thereafter and 30 minutes later the 
operation was completed. The patient remained 
apneic. One-half hour following operation, 0.8 mg. 
of atropine, followed by 1.5 mg. of neostigmine 
were given intravenously without effect. The 
patient remained apneic and unconscious. Atropine 
and neostigmine were repeated three times during 
the next 8 hours without avail. Blood pressure 
which had been adequate until then, began to fall. 
The patient expired 9 hours postoperatively with- 
out having regained consciousness or having made 
a respiratory effort. 


Idiopathic 


When all identifiable factors possibly leading 
to postoperative respiratory insufficiency have 
been eliminated, there remain some patients who 
develop this complication without apparent 
cause. These we have termed idiopathic. 


Patient 9. A 50-year-old male with arterioscle- 
rotic vascular occlusive disease of both legs was 
admitted for an aortic-femoral bypass. Anesthesia 
was induced in the patient with thiopental (150 
mg.) and cyclopropane. Anesthesia was maintained 
with light ether-oxygen. A 0.2 per cent succinyl- 
choline infusion was given intermittently. After 30 
minutes of succinylcholine administration (150 
mg.) during abdominal exploration, respirations 
returned but were diaphragmatic only, with inter- 
costal paralysis, and remained so for 2 hours, 45 
minutes, during which time no additional ether or 
succinylecholine was administered. Respirations 
were assisted with 50 per cent nitrous oxide- 
oxygen; carbon dioxide was allowed to accumulate 
for several minutes without effect on respiration. 
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Relaxation remained excellent throughout the 
operation with no additional anesthetic or re- 
laxant. Respiration became normal toward the end 
of surgery. 


APNEA AND RESPIRATORY INSUFFICIENCY NOT 
RELATED TO THE USE OF RELAXANTS 


Excessive Premedicating Drugs 


The combined use of barbiturates, opiates and 
general anesthetic agents may be the cause of 
postoperative respiratory insufficiency, even 
though muscle relaxants have also been adminis- 
tered during the anesthesia. 


Patient 10. A 69-year-old male, otherwise in 
good health, was admitted for a hemorrhoidec- 
tomy. The patient refused a spinal or caudal anes- 
thetic. Premedication consisted of 15 mg. of 
morphine and 0.4 mg. of atropine one hour pre- 
operatively. He was anesthetized with 160 mg. of 
thiopental, followed by cyclopropane and a slow 
infusion of 0.1 per cent succinylcholine. The pa- 
tient became apneic after only 100 mg. of succiny]- 
choline was given and he was kept on controlled 
respiration. The operation was completed within 
30 minutes, but the patient remained apneic until 
10 mg. of nalorphine (Nalline) was given intra- 
venously in two divided doses. Restoration of con- 
sciousness and respiration was dramatic. 


Hyperventilation 


When apnea is produced by any drug during 
anesthesia, respiration must be carried on arti- 
ficially by intermittent compression of the 
breathing bag, either by hand or by mechanical 
ventilator. Under these circumstances, over- 
ventilation can readily occur and the arterial 
carbon dioxide tension can fall to a level less than 
that necessary to stimulate respiration. Contin- 
ued hyperventilation will produce postoperative 
apnea. In one anesthetized patient we have 
demonstrated that manual compression of the 
breathing bag at a rate of six times per minute 
with 100 per cent oxygen was sufficient to main- 
tain a carbon dioxide tension of 35 mm. Hg. This 
level was less than the respiratory center thresh- 
old for respiration and apnea was maintained by 
this ventilation. 

The period of apnea required to allow accumu- 
lation of sufficient carbon dioxide to initiate 
respiration may be as long as three minutes. Jf 
the respiratory center has been excessively depressed 
by drugs or the muscles paralyzed by relaxants, 
respirations will not be resumed within this time. 
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Following such a therapeutic test one should look 
for other causes of apnea. 


Intraperitoneal Neomycin 


It has been reported that large doses of neo- 
mycin, instilled intraperitoneally may produce 
apnea which can persist in the postoperative 
period. Pittinger and Long" have demonstrated 
that this apnea is the result of a neuromuscular 
block which can be antagonized by neostigmine. 


Patient 11. A 36-year-old male was admitted 
with a history of vomiting, abdominal pain, and 
diarrhea. Anesthesia was induced with 200 mg. of 
thiopental and cyclopropane. Nine mg. of curare 
were given for endotracheal intubation. Anes- 
thesia was maintained with ether-oxygen only. An 
exploratory laparotomy was performed and in- 
testinal obstruction with secondary perforation 
was found. Two hours after the start of the oper- 
ation an additional 3 mg. of curare was given for 
peritoneal closure. Just before this, 100 cc. of a1 
per cent solution of neomycin were instilled intra- 
peritoneally. Although the patient had had good 
respirations throughout the operation he became 
apneic three minutes after the last dose of curare 
and remained so for the next hour. Respiration 
was not adequate until 3 hours following operation. 

The total dose of d-tubocurare which this 
patient received was not large, and insufficient to 
account for the degree of respiratory depression 
observed even though ether was also given. 


Cerebral Anoxia 


Cerebral anoxia from a variety of causes, circu- 
latory or respiratory, can lead to respiratory 
arrest before cardiac arrest. The apnea is the 
result of anoxic damage to the respiratory center. 
Patients who have suffered severe cerebral anoxia 
from any cause often must be ventilated artifi- 
cially until recovery or death ensues. The associ- 
ation of cerebral anoxia with general anesthesia 
and incidental administration of muscle relaxants 
is not rare and can lead to a confusing picture. 

In one of our patients with severe pulmonary 
hypertension severe congestive failure followed 
division of a patent ductus. Succinylcholine was 
used during operation. The respirations present at 
the end of surgery were identical to those which 
follow succinylcholine overdosage. However they 
did not become normal until improvement in 
cardiac function by rapid digitalization had been 
effected. 

We have observed similar types of respiratory 
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insufficiency in patients who have had prolonged 
hypotension from hemorrhage, or from deep 
anesthesia with reversed Trendelenburg position, 
in patients resuscitated from cardiac arrest, and 
in patients in the terminal stages of any illness 
associated with cerebral anoxia. 


Hypothermia 


General body hypothermia is usually associated 
with a decreased respiratory rate, alveolar venti- 
lation, and decreased oxygen demand. In the 
presence of depressant drugs or with mild over- 
ventilation, apnea is easily produced in the hypo- 
thermic patient. Small children readily become 
hypothermic during surgical procedures with 
general anesthesia and its accompanying vaso- 
dilation. The respiration of the hypothermic child 
can mimic in every way postoperative respiratory 
insufficiency from relaxant overdosage. However, 
as body temperature returns to normal, so does 
respiration. 


OTHER POSSIBLE FACTORS 


Several other known causes of postoperative 
apnea or respiratory insufficiency did not occur 
in the group of patients reviewed here. 

Hypoventilation. The failure to provide ade- 
quate pulmonary ventilation either manually or 
mechanically when apnea or respiratory depres- 
sion occurs leads to retention of carbon dioxide. 
Arterial carbon dioxide tensions of more than 100 
mm. Hg. have been recorded in anesthetized 
patients.2 At these levels carbon dioxide itself 
can act as a narcotic and enhance any existing 
respiratory depression.* 

Breath holding. The presence of an endotracheal 
tube during light general anesthesia may cause 
sufficient afferent stimulation to inhibit normal 
respiration and simulate apnea from other 
causes. This inhibitory respiratory reflex is a 
potent one and simple deflation of the endo- 
tracheal cuff will at times induce the patient to 
resume respiration. 

Anticholinesterase intoxication. Persons who 
work in atmospheres contaminated with anti- 
cholinesterase compounds (especially the insecti- 
cides) may absorb sufficient anticholinesterase 
substance over a period of time to depress 
markedly their blood-level of pseudocholinester- 
ase.' Such patients if given a depolarizing type of 
muscle relaxant may manifest profound sensitiv- 
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TABLE 1 
Etiological Factors in Postoperative Apnea and 
Respiratory Insufficiency 
I. Factors Related to the Use of Muscle Relax- 
ants 
A. Following any muscle relaxant 
1. Overdosage (including technical errors 
in administration) 
2. Decreased liver function 
3. Decreased kidney function 
4. Electrolyte imbalance, e.g., intestinal 
obstruction 
5. Possible central nervous system action 
6. Idiopathic 
F 


B. Following depolarizing relaxants (e.g., 
succinyleholine) 
1. Accumulation of metabolites (sue- 


cinylmonocholine) 
2. Depressed plasma cholinesterase 
a. Multiple transfusions 
b. Chronic malnutrition 
c. Insecticide poisoning 
3. Altered response of receptor site (re- 
versal by neostigmine) 
4. Depolarizing relaxants followed by non- 
depolarizing, and vice versa 
C. Following nondepolarizing relaxants (e.g., 
d-tubocurare) 
1. Potentiation by ether or fluothane 
2. Potentiation by neomycin 
3. Neostigmin-resistant curarization 
II. Factors Not Related to the Use of Muscle 
Relaxants 
A. Improper ventilation 
1. Hyperventilation 
2. Hypoventilation with CO, accumula- 
tion 
B. Hypothermia 
C. Overdosage 
1. Premedicating drugs (barbiturates, opi- 
ates) 
2. Anesthetic agents (thiopental, ether, 
elc.) 
D. Reflex apnea (breath holding) 
E. Cerebral anoxia 
1. Hemorrhagic shock 
2. Cardiac failure 
3. Repeated episodes of hypotension 
before or during anesthesia 
4. Following cardiac resuscitation 
F. Following extensive lung resection or 
massive abdominal distension 


ity to the drug and postoperative respiratory 
insufficiency can ensue. 

Technical errors in administration. Occasionally 
simple errors are responsible for prolonged post- 
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operative apnea through inadvertent overdosage. 
In one of our patients the administration of large 
amounts of succinylcholine subcutaneously from 
a poorly placed intravenous infusion was the 
cause of postoperative respiratory insufficiency. 
In another, inattention to the succinylcholine 
infusion allowed an excessively rapid rate of ad- 
ministration with gross overdosage. 

Resection of lung tissue. Patients in whom ex- 
tensive amounts of lung tissue have been resected 
may also present abnormal respiratory patterns 
postoperatively, resembling those produced by 
relaxant overdosage. Most commonly — such 
patients suffer from pulmonary emphysema in 
addition to other pulmonary disease and their 
remaining lung tissue is inadequate to maintain 
necessary respiratory function. A similar mecha- 
nism may operate in patients with severe ab- 
dominal distension, in whom normal respiration 
is compromised by increased intra-abdominal 
pressure. 

In table 1, a classification of the causes of post- 
operative apnea or respiratory insufficiency, in- 
cluding those observed, probable and possible, is 
presented. 


SUMMARY 


Postoperative apnea or respiratory insuffi- 
ciency is a postanesthetic complication most 
commonly related to the use of muscle relaxants 
during general anesthesia. The etiologic factors 
leading to this complication in 37 patients have 
been reviewed and illustrated by case reports. 
Some causes are related to the use of muscle 
relaxants; some are related to the other respira- 
tory depressant drugs; and some are unrelated to 
drugs or the anesthetic course. An etiologic 
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classification of factors leading to this complica- 
tion has been presented. 


Walter H. Mannheimer, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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THE TREATMENT OF HYPERHIDROSIS BY UPPER DORSAL 
SYMPATHECTOMY THROUGH AN AXILLARY APPROACH 


Grorce H. Peppiz, M.D., anp Donatp B. Lonemore, M.B.* 


Houston, Texas 


Hyperhidrosis refers to a pathologic increase in 
sweating which may be either generalized or 
localized. When of a primary nature it is general- 
ized, with the soles of the feet and the palms of 
the hands being affected more severely. There is 
often a familial history, occurring more frequently 
in females and in individuals of an aesthetic 
build. Secondary hyperhidrosis is usually local- 
ized, i.e., confined to one side of the face or one 
extremity. This may be due to trauma, a central 
nervous system lesion or systemic disease and is 
frequently associated with causalgia or Ray- 
naud’s disease. 

The pathologic increase in sweating is of an 
intermittent nature and may begin at an early 
age. From a moderate increase in perspiration it 
progresses until it interferes with ordinary activ- 
ity. Individuals with hyperhidrosis soak every- 
thing they touch: papers, so that their writing is 
smeared; clothes, so that they always appear 
poorly groomed. They shun social contacts and 
shaking hands because their hands are always 
cold and wet. The skin of the fingers and toes 
becomes macerated, tender and easily infected. 
The feet become malodorous. Pain in the fingers 
and toes may be associated with cool environ- 
mental temperatures. These patients respond to 
an increased temperature, exercise, emotional 
upset and stress by marked excessive sweating so 
that perspiration literally drips from their hands 
and feet. They exhibit vasomotor and psychic 
lability and respond to normal stimuli by extreme 
reactions. 

The pathogenesis of hyperhidrosis is an abnor- 
mal response of the sympathetic nervous system, 
and the term hypersympathotonia has been sug- 
gested.3° Primary hyperhidrosis apparently has a 
central origin. Stimuli from centers in the hypo- 
thalmus are mediated down the spinal cord and 
out the white rami to the ganglionated cells. 
From the ganglion they pass as gray rami to the 

* From the Cora and Webb Mading Department 
of Surgery, Baylor University College of Medi- 


cine, and the surgical service of The Methodist 
Hospital, Houston, Texas. 


peripheral nerves then as nerve fibers to the blood 
vessels and sweat glands.” This theory of origin 
for primary hyperhidrosis is supported by the 
fact that the symptoms have a symmetrical dis- 
tribution with a similar response in all four 
extremities and by the potent effect of psychic 
stimuli in provoking symptoms. 

Vasospasm is usually associated with hyper- 
hidrosis and the pulses may be diminished or 
absent. As the disease progresses, ulceration 
develops with the typical symptoms of Ray- 
naud’s disease or phenomena. When the hands of 
these individuals are cooled they do not demon- 
strate Raynaud’s phenomena, blanching followed 
by erythema, but displaying varying degrees of 
cyanosis and pain in the fingers. 

The milder forms of hyperhidrosis have been 
treated by pediatricians and dermatologists with 
various anticholindergic drugs such as Banthine, 
other quartanary ammonium compounds, bella- 
donna and its derivatives, sedatives, tranquil- 
lizers, the application of local medication and 
x-ray treatment. These forms of 
treatment have been reported successful; how- 
ever, in severe cases the amount of drug necessary 
to produces anhidrosis also produces undesirable 
side reactions and drug sensitivities. 

Sympathectomy is recommended for the more 
severe cases. The following is the report of a case 
treated by upper dorsal sympathectomy. 


CASE REPORT 


A 17-year-old Latin American girl was admitted 
to the Surgical Clinic of Methodist Hospital com- 
plaining of a painful swelling in her right inguinal 
region. This had been present for approximately 
six months prior to admission, with increasing dis- 
comfort. A diagnosis of right inguinal hernia was 
made and surgical repair was performed without 
difficulty. Before and following surgery her hands 
were noted to be perspiring profusely, dripping 
with perspiration. When questioned in this regard 
the patient stated that hyperhidrosis had been 
present for as long as she could remember and in 
the last few years has been increasing in severity. 


959 


: Blood 
osed to 
rit. M. | 
.cidosis 
Surg., 
longed 
| 
| 
odide: 
iscular 
Med., 
RE 
J.: 
xants. 
f sue- 
368, 
urari- 
\euro- 
esth., 
‘euro- 
n sul- | 
128: 
E. P., 
‘ebral 
logy, 


960 GEORGE H. PEDDIE AND DONALD B. LONGMORE 


Stellate ganglion 


Vol. 24 


Fic. 1. The position for axillary approach to dorsal sympathetic chain with the ganglion and chain 


as viewed through the incision. 


She found it extremely difficult to write neatly and 
to dress without soiling her clothes. Because of her 
cold, wet hands she avoided the social pastime of 
holding hands. During cold weather she would 
have a moderate amount of pain in her fingertips 
which was relieved by warming. There were times 
when her hands were warm and dry, but these 
periods were becoming less frequent. She volun- 
teered that her grandmother had a similar con- 
dition. 

The patient was a’thin, well developed female 
with a blood pressure of 90/60, in both arms. Both 
hands and feet were cool and wet. All pulses were 
palpable and regular. The remainder of the physi- 
cal examination was noncontributory. The routine 
laboratory studies were within normal limits and a 
chest film was negative. Plethymographic tracings 
of both upper extremities revealed a decreased 
flow, particularly on the left. Skin temperatures of 
both hands were decreased (table 1). Exposed to 
cold water, her hands became cyanotic and her 
fingertips were painful. 

Because of the patient’s increasing concern with 
her perspiring hands she was offered the benefit cf 
a dorsal sympathectomy. A right ganglionectomy 
of T-2 and T-3, plus the lower portion of the 
stellate ganglion was completed through an axil- 
lary approach. This was first performed on the 
right side and one week later a similar procedure 
was completed on the left. This approach to the 
dorsal ganglion has the advantage of simplicity, 
exposure, accuracy, control of hemorrhage and an 
obscure scar. In the reported cases using this 
approach, complications have been minimal. These 
include transit pneumothorax, pleural effusion, 
subcutaneous emphysema and one case of paralysis 
of the long thoracic nerve.?: *: § It has as its only 


TABLE 1 
Peripheral vascular studies on patient undergoing 
bilateral upper dorsal sympathectomy . 
for hyperhidrosis 


65° 80° + alch. 


Digital Plethysmography 


Preoperative 
13.7 
sec. 
5 ce. 
44.9 
Postoperative 
Skin Temperature 
Preoperative 
Right: palm... 80° 94° 
Right dorsum....... 75° 85° 
Left-palm 78° 90° 
Left dorsum........ 73 85° 
Postoperative 
Right:palm......... 95° 97° 
Right dorsum...... 90° 93° 
Left palm.......... 85° 88° 
Left dorsum........ 90° 94° 


contra-indication, individuals with obvious apical 
adhesions from tuberculosis. 


OPERATIVE TECHNIQUE 


The patient, under endotracheal anesthesia, is 
placed in the lateral decubitus position with the 
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Fic. 2. Starch test of the upper extremities on a patient with hyperhidrosis following upper 


dorsal sympathectomy on the right side. 


shoulder abducted 130°. The arm is then placed 
across a well padded Mayo stand and taped in 
place (fig. 1). In placing the arm in such a position 
care must be taken not to obliterate the radial 
pulse and not produce stretch on the brachial 
plexus. The axilla is entered through an oblique 
skin incision overlying the second interspace and 
extending just beyond the axillary border of the 
pectoralis major and latissimus dorsi muscles. 
The wound is deepened through the axillary 
space to the intercostal muscles of the second 
interspace. The third interspace may be used in 
muscular or fat individuals for better exposure.® 
The pectoralis major and latissimus dorsi are then 
retracted and the intercostal muscles incised. 
Care must be taken to find and preserve the long 
thoracic and thoracodorsal nerves. The inter- 
costal incision is then lengthened beneath the 
latissimus dorsi and pectoralis major muscles for 
approximately two inches. The intercostal space 
is expanded very slowly with a small rib retractor. 
The lung is allowed to collapse, held down with a 
folded lap square and malleable retractor. A 
lighted retractor is then introduced medially and 
superiorly. The sympathetic chain is clearly 
visible through the pleura (fig. 1). The stellate 
ganglion lies on the neck of the first rib and is 
easily identified by palpation with long finger 
forceps. After proper identification of the stellate, 
T-2 and T-3 ganglion, the pleura is incised over 


the chain. The chain is interrupted between T-3 


and T-4, and with all rami communicantis of 
T-2 and T-3 plus the lower border of the stellate 
ganglion, is lifted from the wound. Bleeding is 
easily controlled by pressure and any profuse 


bleeding from the thin-walled intercostal veins 
can be controlled with silver clips. The rib retrac- 
tor is removed and the angle of abduction of the 
shoulder lessened. The intercostal muscles may 
be closed; however, this is not necessary. A cath- 
eter is attached to an underwater drainage bottle 
and introduced through the wound, the subcu- 
taneous tissues of the axilla are closed around the 
catheter and the skin approximated. Following 
closure of the skin and full expansion of the lung, 
the catheter is withdrawn. 

Upon completion of a bilateral dorsal sym- 
pathectomy this patient’s hands were warm and 
dry. The starch test revealed complete sym- 
pathectomy of the upper extremity including the 
upper anterior chest wall (fig. 2). The plethysmo- 
graphic, tracings revealed a marked increase in 
the peripheral blood flow to the fingers and an 
increase in skin temperature at maximum vaso- 
constriction (table 1). As of this report, one year 
postoperative, the results have been excellent. 


DISCUSSION 


Although sympathectomy for hyperhidrosis 
was first reported by Kotzareff (1920) and 
later by Adson (1935)! in this country, it was felt 
to be too radical a procedure for the production 
of anhidrosis. The medical treatment of hyper- 
hidrosis, therefore, became more popular. The 
milder forms of hyperhidrosis were relieved by 
various medical means; however, in order to 
produce the results obtained by sympathectomy 
the amount of medication or radiation necessary 
produced numerous side reactions, sensitivities 
and irreversible skin changes. 
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The rationale for removing only T-2 and T-3 
with a portion of the stellate has been substanti- 
ated both experimentally and clinically. The pre- 
ganglionic sympathectomy of Smithwick?® and 
White® first advanced the idea that the upper 
extremity could be sympathectomized and the 
stellate ganglion preserved. Later, numerous 
clinical studies have revealed similar findings 
without the production of a Horner’s syndrome.?: 
3,7, 12, 21,22 Experimentally, it has been demon- 
strated that only rarely are the preganglionic 
fibers of the upper extremity, rostral to T-2.® 23 77 
Atkins has used this approach for dorsal sym- 
pathectomy for hyperhidrosis with excellent and 
permanent results.” 

Kunz has found that there is a contribution 
from T-1 to the sympathetic innervation of the 
upper extremity; however, this investigation was 
performed on laboratory animals and it was felt 
that there was no parallel in man." * Recently, 
however, it has been demonstrated that there 
are some individuals with preganglionic fibers to 
the upper extremity from T-1. This was shown 
by the sweat patterns produced by the stimula- 
tion of the stellate ganglion.’ " From these latter 
observations it was felt that complete anhidrosis 
of the upper extremity could not be obtained 
without sacrificing T-1. Their studies revealed 
that a sign of complete sympathectomy of the 
upper extremity was anhidrosis of the anterior 
upper chest wall.*: 7: 19 In view of these conflicting 
experimental findings but with overwhelming 
clinical support for a complete sympathectomy of 
the upper extremity with preservation of the 
stellate ganglion, we felt that we could offer this 
patient relief of her hyperhidrosis without its 
sacrifices. 

No severe recurrences of hyperhidrosis have 
been reported following sympathectomy.*: 
However, the sweat glands do not atrophy and 
detailed sweat tests reveal that a few glands con- 
tinue to secrete.!” 1% 26 This produces an ideal 
cure in that slight activity of the sweat glands is 
desired, rather than complete anhidrosis. Sym- 
pathectomy is not performed for all four extrem- 
ities unless the sweating of the feet is incapacitat- 
ing. When this is done, it frequently results in 
undesirable profuse sweating of the body trunk. 
It is interesting to contrast the lack of recur- 
rences following sympathectomy for hyper- 
hidrosis with the frequent recurrences of 
Raynaud’s phenomena and other vasospastic 
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syndromes of the upper extremity. These recur- 
rences have been attributed to regeneration of 
the sympathetic fibers, independent ganglion and 
accessory pathways.» 10 15, 27, 28 

For hyperhidrosis the removal of T-2 and T-3 
through the axilla is an expeditious procedure 
which preserves the ciliary reflex and the patient 
will not suffer the stigma of a Horner’s syndrome. 
The scar is obscure in the axilla and the post- 
operative complications are minimal. These 
advantages plus the permanent cure produced by 
sympathectomy make it possible to offer these 
patients a simple and safe operation for their 
malady. 


SUMMARY 


A case of hyperhidrosis, pathologic sweating, 
in a 17-year-old girl is presented. A_ bilateral 
sympathectomy of T-2 and T-3 was performed 
through an axillary approach with excellent 
clinical results. The advantages of this approach 
and the rationale for its use are discussed. 


George H. Peddie, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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PEPTIC BRONCHITIS: CASE REPORT OF MEDIASTINAL GASTROGENIC 
CYST WITH BRONCHIAL COMMUNICATION 


Rosert C. Overton, Jr., M.D., W. OverstrEET, M.D.* 


Houston, Texas 


The sensitivity of the highly differentiated 
respiratory epithelium to low pH solutions and 
secretions is well established. This is dramatically 
demonstrated in tracheal aspirations of gastric 
juice by the unconscious patient, by the fulmi- 
nating pneumonitis of infants with tracheo- 
esophageal fistula, and in patients with acquired 
tracheo-esophageal fistulas. We have recently 
encountered an unusual case of chronic peptic 
bronchitis resulting from a gastrogenic cyst. The 
unusual anatomic features of this anomaly and 
their sequels prompted this report. 


CASE REPORT 


E. B., a 46-year-old white woman, entered the 
Methodist Hospital, Houston, Texas, August 4, 
1957, complaining of cough and hemoptysis. For 
10 to 15 years this previously healthy woman had 
noticed a chronic cough productive of moderate 
amounts of grey-yellow sputum occasionally 
streaked with blood. For the past one year, how- 
ever, the hemoptysis had become more frequent, 
occurring almost daily in small amounts, and 10 
days previous to admission she had experienced 
an episode of brisk bright red bleeding with ex- 
pectoration of an estimated two to three cups of 
blood. The patient was unable to localize the site 
of the hemorrhage but was aware of a ‘‘rattling”’ 
sensation confined to the left chest associated with 
the hemorrhage. Dull aching pain in the left pos- 
terior chest had also been noticed for the past year. 
The cough, ‘‘rattling’’ sensation, and hemoptysis 
were noticed to be aggravated by the supine and 
left lateral decubitus positions. There was no 
history suggestive of respiratory infection with the 
exception of temperature elevation (102°) for 
three days with the present episode. Burning epi- 
gastric distress had been noticed for several weeks. 
The remainder of the history was irrelevant to the 
present illness. 

Long contact with a known tuberculous father 
was the only past or family history of significance. 

On admission the patient did not appear acutely 
or chronically ill. Aside from obesity and a mild 


* From the Cora and Webb Mading Depart- 
ment of Surgery, Baylor University College of 
Medicine, Houston, Texas. 
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hypertension the positive physical findings were 
limited to the thorax. The chest was bilaterally 
equal in expansion and resonance, but ausculta- 
tion revealed a loud left-sided inspiratory and 
expiratory musical wheeze which failed to clear 
with coughing. The wheeze was most pronounced 
over the posterior lateral aspect of the left thorax. 
There was no evidence of clubbing of the fingers or 
cyanosis. 

Laboratory data included a normal urinalysis; 
hemoglobin, 13.9 gm. per cent; hematocrit, 38 per 
cent; white blood cell count, 9400 with 75 per cent 
polymorphonuclears and 25 per cent lymphocytes. 
Smears made from bronchoscopic aspirations were 
negative for malignant cells and cultures negative 
for tubercle bacilli. Routine skin testing revealed 
a 1+ second strength tuberculin. Admission chest 
roentgenograms were interpreted as being within 
normal limits. 

Bronchoscopic examination on August 5, 1958, 
revealed a relatively large accessory orifice on the 
inferior wall of the left mainstem bronchus just 
distal to the carina. The edges of this orifice were 
smooth, apparently covered with epithelium, and 
it was observed to open and close with inspiration 
and expiration. The remainder of the examination 
was as usual with the exception of moderate 
hyperemia and edema of the mucous membrane of 
the bronchi to the left lung suggesting chronic 
bronchitis. No actual bleeding was observed. A 
small catheter was introduced into the aberrant 
orifice before the removal of the bronchoscope and 
bronchograms secured by installation of Dionosil. 

Bronchograms revealed a_ sac-like structure 
partially filled with Dionosil lying immediately 
beneath the carina and communicating with the 
left mainstem bronchus (fig. 1). The remainder of 
the tracheobronchial tree was well filled and 
demonstrated no further abnormalities. There was 
no evidence of bronchiectasis. Retention of the 
radiopaque substance in the diverticula was 
demonstrated in a chest roentgenogram secured 
two hours later. 

From the foregoing data it was the impression 
that this patient had a bronchogenic cyst or acces- 
sory rudimentary bronchus and that the lesion 
was the cause of her chronic cough and hemoptysis, 
and operative removal was advised. Accordingly, 
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Fic. 1. Bronchogram with sketch demonstrating saccular structure arising from left main bronchus 


Right Main 
Bronchus 


Fig. 2. Photograph and sketch made at thoracotomy demonstrating cyst communicating with left main 
bronchus and contiguous to esophagus 
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Fic. 3. Photographs of resected specimen showing (a) the mucosal surface with small ulceration and 
(b) the smooth muscular external surface. 


on August 19, 1957, the posterior mediastinum was 
explored transpleurally through a right postero- 
lateral thoracotomy incision with resection of the 
fifth rib. The right-sided approach provided excel- 
lent exposure of the subcarinal area where a 4 by 4 
em. cyst was encountered arising from the left 
bronchus, approximately 3.5 cm. distal to the 
carina (fig. 2). The cyst wall was thick, apparently 
muscular, and obviously filled with inspired ma- 
terial. The distal end was found to be contiguous 
to the muscular wall of the esophagus but did not 
communicate with its lumen. The lesion was 
readily dissected from the surrounding mediastinal 
structures and its communication with the lumen 
of the bronchus divided. The bronchial wall and 
muscular coats of the esophagus were repaired 
with interrupted silk sutures and the mediastinal 
pleura and chest wall closed in the routine fashion. 
Before the mediastinal pleura was closed a flap of 
mediastinal pleura was turned into the medias- 
tinum and used to cover the line of closure of the 
bronchus. 

The resected specimen consisted of a saccular 
structure 3 by 3.5 em. (fig. 3). The wall appeared 
fibromuscular and was lined by a glistening mem- 
brane which contained a 3 mm. area of hemor- 


rhage. Histologic sections revealed the structure 
to be composed of a lining of normal appearing 
gastric mucosa predominantly of the fundus pat- 
tern which in some areas was of the usual thickness 
but in others quite compressed (fig. 4). A distinet 
submucosa and underlying connective tissue 
separated the lining from a fairly broad, smooth 
muscle wall arranged in an apparent circular and 
longitudinal fashion. Occasional slightly dilated 
gland structures were present throughout the wall. 
The diagnosis was congenital gastrogenic medi- 
astinal cyst. 

The patient’s postoperative course was entirely 
uneventful and she was discharged on the ninth 
postoperative day. At the time of the last exami- 
nation on August 5, 1958, one year postoperatively, 
the patient was entirely asymptomatic with com- 
plete relief of all respiratory symptoms. 


COMMENTS 


Intrathoracic cysts are common. However, the 
occurrence of cystic structures attached to the 
esophagus and tracheo-bronchial tree and lined 
by gastric epithelium are relatively rare. In 1947, 
Lindquist and Wulff’ collected 80 cases of intra- 
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Fic. 4. Photomicrograph demonstrating typical gastric mucosa found lining cyst 


thoracic cysts lined by alimentary tract mucosa 
and of these only 40 were located in the mediasti- 
num and only 15 were lined by gastric epithelium. 
Williams and Johnson,” in 1952, were able to 
collect 32 cases from the literature of gastric 
lined mediastinal cysts and added one more case. 
These gastrogenic cysts of the mediastinum 
belong to that heterogenous group of develop- 
mental anomalies known as enteric duplications 
and apparently arise from developmental defects 
of the primitive foregut. The gastrogenic cysts 
are characteristically found in the posterior 
mediastinum near the pulmonary hilus and 
though commonly presenting to the right side, 
may expand into either hemithorax. The muscular 
coats and lining mucosa of these gastrogenic 
cysts are usually well differentiated and as such 


are readily identified histopathologically.” Be- 
cause of the highly differentiated character of the 
gastric epithelial lining and its resulting ability to 
produce secretions of low pH in this ectopic site, 
these lesions are commonly symptomatic at an 
early age.' This is contrary to other mediastinal 
cysts.* Olken® has pointed out that 75 per cent 
of the cases of gastrogenic cysts are discovered in 
the first vear of life. The majority of these cases 
manifest themselves by erosion into contiguous 
structures, lung, esophagus, bronchus, or medias- 
tinum, by the gastric acid secreted by the cyst 
lining. This erosion may result in extensive pul- 
monary suppuration or massive hemorrhage.?-* 
That this patient had had a long-standing com- 
munication between the cyst and the left main 
bronchus, as evidenced by continuity of epithe 
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lium between the cyst and the bronchus, and yet 
had experienced only minor symptomatology 
prior to the present illness, is a most unusual 
feature of this case, particularly since only two 
cases of such a cyst remaining asymptomatic 
until the fifth and sixth decade have been re- 
ported." 

We feel that the hemoptysis and symptoms of 
chronic bronchitis experienced by this patient, 
and subsequently relieved by thoracotomy and 
removal of the cyst, were due to acid peptic 
bronchitis. Two explanations for the delay in 
appearance of significant symptoms to middle 
age as compared to the usual manifestations in 
infancy are possible: either the presence of a 
large, free communication between the cyst and 
the bronchus allowed constant emptying of the 
cyst by paroxysmal cough preventing volu- 
minous or prolonged contact of the gastric acid 
with the bronchial mucosa, or the pH of the 


secretions produced by this particular cyst had - 


been of a higher pH than usual and therefore less 
erosive in character until recent months. That a 
humoral factor was responsible for a change in 
the secretions is suggested by the associated 
gastric symptoms. 

The diagnosis in this particular case was readily 
made by endoscopic visualization of the communi- 
cation between the cyst and the left bronchus and 
further confirmed by bronchography. It should 
be appreciated that this type of communication 
is rarely so readily demonstrated and the diag- 
nosis so apparent, and the possibility of unex- 
plained hemoptysis being secondary to peptic 
bronchitis is always a diagnostic possibility 
particularly when associated with an unexplained 
mediastinal shadow. The treatment of this lesion 
is always surgical excision since experience has 
conclusively demonstrated that all of these lesions 
are either symptomatic or potentially hazardous. 
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SUMMARY 


A case report is presented of a middle-aged 
female with unexplained hemoptysis who was 
found by bronchoscopy and bronchography to 
have a mediastinal cyst communicating with the 
left bronchus. Thoracotomy and resection of the 
lesion revealed the lesion to be a gastrogenic 
cyst. The embryologic, clinical and surgical signifi- 
cance of these lesions is presented. 


Robert C. Overton, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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Marlext possesses unusual physical properties 
which make it a valuable plastic for fashioning 
yarious surgical prostheses. A monofilament 
mesh prepared from this plastic has high tensile 
strength, is nonwettable, has outstanding chemi- 
eal resistance to acids, alkalies, and most organic 
solvents, and is thermostable at temperatures 


up to 250°F. The results of experimental studies 
on the Marlex plastic and on the Marlex mesh 
have been reported by us.?: * We found that there 
was very little foreign body reaction to the 
material and that it was well tolerated in animal 
tissues. Infection studies in dogs showed that 
granulation tissue would grow through the mesh 
in the presence of purulent infection without 
slough of the graft or sinus formation. These 
favorable physical and biologic properties make 
it desirable as a prosthesis for replacing tissue 


* From the Cora and Webb Mading Department 
of Surgery, Baylor University College of Medi- 
cine, and the Hermann, Jefferson Davis, and 
Veterans Administration Hospitals. 

+ A new high-density polyethlene recently de- 
veloped by the Phillips Petroleum Company, 
Bartlesville, Oklahoma. 


USE OF MARLEX MESH IN THE REPAIR OF INCISIONAL HERNIAS 
Francis C. Usuer, M.D., Ocusner, M.D., anv L. L. D. Turrie, Jr., M.D.* 


Houston, Texas 


defects. We have also reported on its clinical use 
for this purpose.‘ 

This report concerns the use of this new mesh 
in the repair of incisional hernias. During the 
past year we have used it to repair 46 incisional 
hernias. Thirty-four of these patients have been 
followed from 4 to 12 months and detailed infor- 


Fig. 1. Marlex mesh. Low power magnification showing open weave 


mation about these cases is presented in table 1. 
The remaining 12 patients have been followed 
for less than 4 months, and are not considered in 
this study. 


TECHNIQUE OF REPAIR 


Three methods of repair were used. In most of 
the early cases an overlap repair utilizing the 
hernial sac was employed. The Marlex mesh was 
sutured over the imbricated tissues as a rein- 
forcement. 

As we gained experience in the use of the mesh, 
we found that a good repair could be obtained by 
simple approximation of the edges of the hernial 
ring with interrupted sutures followed by rein- 
forcement with the Marlex mesh. 
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A third technique used, and one which we 
favor, is the intraperitoneal repair. In this 
method the peritoneum and properitoneal fat are 
dissected from the under surface of the abdominal 


Fig. 3a. Case 4. Repair by simple closure of 
defect with Marlex mesh reinforcement. Outline 
of defect. 


Fic. 2a. Case 8. Repair by imbrication of 
hernial sac with Marlex mesh reinforcement. 
Imbrication of hernial sac. 


\ 
Fig. 3b. Case 4. Repair completed with Marlex 
mesh reinforcement. 


wall for an approximate distance of 4 em. from 
es 3 the edge of the hernial ring on all sides of the 


Fic. 2b. Case 8. Repair completed with Marlex defect. No attempt is made to close the de 7 
mesh reinforcement. neum. Using mattress sutures, the mesh is then 
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sutured to the under surface of the abdominal 
wall in contact with the exposed transversalis 
fascia (or recti muscles in lower midline hernias). 
These sutures are placed in much the same fashion 
as the mattress sutures in the Mayo technique of 
repairing an umbilical hernia. As a result, the 
mesh lies against the under surface of the abdom- 
inal wall and has the mechanical advantage of 
reinforcing the defect from within, comparable 
to a “boot” placed within the casing of an auto- 
mobile tire. Our experience has been that no 
harm ensues from having the mesh in direct 
contact with omentum or bowel. We have found 
this technique to be particularly effective in 
large hernias in which the edges of the hernial 
ring could not be approximated by simple suture. 

We have used both silk and braided wire to 
suture the Marlex mesh in place. We prefer multi- 
filament wire in contaminated wounds or those 


Fig. 4. Sketch illustrating technique 
of intraperitoneal repair 


Outline of 


Fic. 5a. Intraperitoneal repair. | 
hernia, not 


defect (upper midline incisional 
included in table 1). 
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Fig. 5b. Intraperitoneal repair completed 
as indicated in figure 4 


in which infection is apt to develop. Catheter 
suction drainage with the Stedman pump as 
described by Lattimore and Koontz! was used in 
all cases to help prevent postoperative collections 
of blood and serum. Seromas that did occur 
usually responded to simple aspiration. 


RESULTS 


The results in the 34 cases followed 4 to 12 
months are presented in table 1. The remaining 
12 cases are less than 4 months postoperative and 
are considered too recent to evaluate. 


SUMMARY 


Thirty-four patients with incisional hernias 
have had their hernias repaired with Marlex 
mesh during the period July 1, 1957, to April 1, 
1958. Follow-up examinations have been done on 
all 34 patients and there have been no recurrences 
to date. Wound abscesses developed in 3 of the 
34 patients and all responded to open drainage 
and administration of the specific antibiotic with 
complete healing of the wound. In none of the 
infected cases was it necessary to remove the 


mesh. 
From our clinical experience with Marlex 
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mesh we believe it is a valuable adjunct in the 2. User, F. C., anp Wautace, S. A.: Tissue 
‘ad reaction to plastics. A comparison of nylon, 
repair OF incisional hernias. Orion, Dacron, 7 and Marlex. A. M. A. 
Arch. Surg., 76: 997, 1958. 
Francis C. Usher, M.D. ef 3. Usuer, F. C., anp Gannon, J. P.: Marlex 
Baylor University College of Medicine mesh: a new plastic mesh for replacing tissue 
Houston, Texas defects. I. Experimental studies. Arch. Surg., 
in press. 
REFERENCES 4. Usuer, F. C., Frizs, J. G., OcHSNER, J., AND 
1. Lattimore, T. J., anv Koontz, A. R.: Suction Tortie, L. L. D., JR.: Marlex mesh: a new 
drainage after implantation of tantalum plastic mesh for replacing tissue defects. II. 
gauze sheets. J. A. M. A., 155: 1333, 1954. Clinical studies. Arch. Surg., in press. 
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MAJOR CONGENITAL UROPATHIES IN PRIMARY NONUROLOGIC 
CONGENITAL DISEASE 


RvussE.t Scort, Jr., M.D., AND CARTER EUGENE CARLTON, JR., Lt. (MC) USN* 


Houston, Texas 


Since the beginning of recorded history, con- 
genital anomalies have been of concern and 
curious interest to man. The 1948 United States 
Vital Statistics listed congenital malformations 
as the second most common cause of death in 
infants under the age of one year and as third 
most common cause of death in children from one 
to four years of age. 

In considering the problem of congenital 
anomalous development experience has substan- 
tiated the validity of the commonly reported 
observations that there is a frequent, simultane- 
ous incidence of anomalies. Shumacker* collected 
30 cases of congenital anomalies of the uterus in 
each of which the patient had either unilateral or 
bilateral renal agenesis. Eismayer* in an earlier 
review of the literature demonstrated that 
patients with anomalies of the uterus have an 
increased incidence of agenesis of the kidney. 
Bryan and associates'® reviewed 100 cases of 
congenital absence of the vagina and found that 
50 per cent of the patients who were subjected to 
urologic evaluation were found to have significant 
urologic anomalies. These included 7 patients 
with a pelvic kidney, 5 with solitary kidneys, 4 
with duplication of the renal pelvis and/or the 
ureter, 2 with pyeloureterectasis, 1 with a solitary 
fused kidney, and 1 with a hypoplastic kidney. 

On the other hand, a review of reports dealing 
with congenital anomalies of the urinary tract 
gives evidence that patients with anomalies of 
the urinary tract are likely to have anomalies 
elsewhere. Collins‘ reviewed 581 cases of uni- 
lateral agenesis of the kidney and found that 90 
per cent of the female patients and 25 per cent of 
the male patients also had anomalies of the 
genitalia. Potter’ in a review of the literature 
found that of 30 infants with bilateral renal 
agenesis, 20 had other congenital anomalies. 
Many other reporters have demonstrated that 
infants with congenital absence of the abdominal 
wall have a high incidence of concomitant urinary 

* From the Cora and Webb Mading Department 


of Surgery, Division of Urology, Baylor University 
College of Medicine, Houston, Texas. 


tract anomalies.*" Jameson and Cooper® state 
unequivocally that a diagnosis of congenital 
absence of the abdominal wall necessitates ex- 
haustive urologic investigation because of the 
high incidence of concomitant urinary tract 
anomalies. 

Although it is known that children with uro- 
logic malformations are likely to have anomalies 
in other systems, the current literature carries 
little information concerning the incidence of 
urologic anomalies when the primary anomaly is 
not urologic in nature. Such a correlation assumes 
considerable importance in determining whether 
routine urologic investigation of every child with 
a major nonurologic anomaly is justified and if it 
is, how extensive such an evaluation should be. 

The material abstracted in this study was to 
serve the purpose of providing answers to the 
following questions: 

1. What is the incidence of urologic anomalies 
among children with major nonurologic anom- 
alies? 

2. What percentage of such urologic anomalies 
are significant? 

3. Did the routine history, physical examina- 
tion, and urinalysis draw attention to the possible 
presence of such anomalies? 

4. What diagnostic investigative procedures 
could have been done to delineate the congenital 
uropathy? 


METHODS 


The autopsy reports of 415 patients who died 
at the Texas Children’s Hospital between Jan- 
uary, 1954, and January, 1958, were reviewed. 
The clinical records of all necropsy patients found 
to have congenital anomalies were studied in an 
effort to answer the four questions presented 
above. 

DATA 

Two hundred and eight of the patients were 

found to have congenital anomalies (tables 1 


and 2). The anomalies were multiple in 25 per 
cent of the cases (table 3). Additional study 
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(data not included) revealed a high incidence of 
heart disease at the Texas Children’s Hospital 
which reflects the unusually high concentration 
of patients with surgical cardiac disease of con- 
genital origin admitted to that institution. One 
hundred and fifty six or 75 per cent of the children 
died with congenita! heart disease. The high 
incidence of congenital heart disease did not 


TABLE 1 
Incidence of anomalies in group reviewed 
Number | Per Cent 
Autopsies reviewed............| 415 100.0 
Patients with congenital 
Patients with urologic 


TABLE 2 


Relative incidence of multiplicity of anomalies 


RUSSELL SCOTT AND CARTER EUGENE CARLTON 
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appear to influence the statistics of this study 
since only 4 of the 9 urologic anomalies were jn 
association with congenital cardiac lesions. 

In considering the group of nine patients who 
had significant anomalies of the urinary tract 
(table 3) only two (22 per cent) had positive 
findings in the history, physical examination, or 
urinalysis which might have drawn attention to 
the urologic anomaly and suggested further 
urologic investigation. Patients 8 and 9 (table 3) 
were found to have an infected urine and this 
would ordinarily have drawn attention to the 
urinary tract. The remaining seven patients had 
no positive findings in the history, physical 
examination, or urinalysis to suggest the presence 
of a major uropathy. In every case the anomaly 
was clinically significant with respect to its 
immediate or potential threat to the patient. 

The most significant data derived from this 
study was that 7 of the 9 patients (78 per cent) 
with urological anomalies were not suspected of 
having an anomaly of the urinary tract on the 
basis of the history, physical examination, and 


Anomalies per | Number of Patients | Per Cent of Group _—_ urinalysis. Stated another way it may be said 

ay that on the basis of this study 4.5 per cent of the 

1 156 75.0 children with other system anomalies also had 

2 | 29 13.0 significant malformations of the urinary tract. 

3 | 12 5.8 It may also be said that 3.3 per cent of the group 

4 | 6 2.9 with other anomalies had significant urinary 

5 | 4 1.9 tract anomalies which were not suggested on the 

6 | ; sed basis of the history, physical examination, and 

| one | 100.0 urinalysis. In all cases an excretory urogram 

would have focused attention on the anomaly to 
TABLE 3 


Analysis of the 9 congenital anomalies with diagnostic study necessary to draw attention to the anomaly 


Urologic Anomaly 
Case and Number Primary Anomaly Suggested by 
Type History, 
Phys. Exam., IVP 
Urinalysis 
1 (35500) Congenital heart disease | Hydronephrosis No Yes 
2 (31636) Imperforate anus Renal agenesis No Yes 
3 (1468) Congenital heart disease | Horseshoe kidney No Yes 
4 (5883) Congenital heart disease | Bilateral hydroureter No Yes 
5 (2931) Hemangioma of lip Horseshoe kidney No Yes 
6 (14994) Absence of left upper ribs | Hypoplastic left kidney No | Yes 
7 (676) Congenital heart disease | Left renal agenesis, right No Yes 
hydronephrosis 
8 (36104) Imperforate anus Unilateral hydronephrosis | Yes Yes 
9 (20039) Imperforate anus Ureteral ectopia | Yes Yes 
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the extent that the pyelogram would have per- 
mitted definitive diagnosis or suggested the need 
for additional urologic investigation. 


DISCUSSION 


There is general agreement in the literature 
that congenital anomalies are often multiple and 
that congenital anomalies of the genital organs 
are frequently accompanied by anomalies of the 
urinary tract. 

This survey points out that anomalies any- 
where in the body have an associated high inci- 
dence of urinary tract anomalies. It also indicates 
that the routine history, physical examination, 
and urinalysis may be insufficient to focus atten- 
tion on existing major urinary tract anomalies. 
This proved to be the case in 78 per cent of the 
patients with significant urinary tract anomalies. 
An analysis of the data reveals that a “screening” 
excretory urogram would have directed attention 
to these “‘silent’’ anomalies in all cases reviewed. 


SUMMARY 


1. A series of 208 autopsies of children with 
congential anomalies were reviewed. 

2. Of the 208 children in this study who died 
and were found to have congenital anomalies of 
other organ systems, 4.5 per cent were found to 
have also a significant anomaly of the urinary 
tract. 

3. Of the 208 children in this study who died 
and were found to have congenital anomalies of 
other organ systems, 3.3 per cent were found to 
have also a significant anomaly of the urinary 
tract which was not suspected on the basis of the 
history, physical examination, or urinalysis. 

4. The history, physical examination, and 
urinalysis drew attention to the urinary tract 
anomaly in 22 per cent of the cases of combined 
urologic and other anomalies. 

5. The history, physical examination, and 
urinalysis failed to draw attention to the urinary 
tract anomaly in 78 per cent of these cases. In 
all of these patients a screening excretory urogram 
might have drawn attention to the presence of 
the urologic abnormality. 

6. The foregoing suggests the wisdom of includ- 
ing a high degree of suspicion that a urinary tract 
anomaly may exist in addition to the primarily 
recognizable congenital anomaly and that a com- 
plete urologic history, urinalysis, and excretory 
urographic study will reveal urologic pathologic 
processes that might otherwise go undetected. 
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BLOOD VOLUME STUDIES IN EXPERIMENTAL HEMORRHAGIC SHOCK 
TREATED BY HYPOTHERMIA AND CHLORPROMAZINE* 


Rosert C. Overton, M.D., Raymonp HepGe, M.D., James D. McMurrey, M.D., 
AND Micuakt E. De Baxey, 


Houston, Texas 


A number of well controlied studies have 
fairly conclusively demonstrated that autonomo- 
lytic drugs, when administered before shock is 
induced, strikingly alter mortality rates when 
shock is produced by a variety of methods.!-*" A 
consistent finding in the majority of these studies 
is that the various agents are most beneficial 
when administered in doses small enough to alter 
but not abolish vasoconstriction. Hypothermia, 
when carried to a moderate degree, also appears 
te be beneficial,-*! although when cooling is 
carried to low temperature ranges, it may be 
detrimental.” Clinical combinations of these two 
methods have been enthusiastically reported by 
British and French workers.”*-4 

Previous studies in this laboratory suggested 
that the maximal beneficial alteration in mortality 
rate and period of tolerance to hypotension and 
compensated hypovolemia was accomplished in 
the standardized shock preparation by the com- 
bination of autonomolytic drugs and cooling.‘ 
The manner in which this alteration occurred 
was not suggested in the previous study, but 
since some alteration in.blood volume or effective 
blood flow to various parts would seem to be 
likely mechanisms, the present study was under- 
taken to determine the effect of the former. 


MATERIALS AND METHOD 


Studies were carried out in 23 animals, 13 
controls and 10 treated animals. Shock was in- 
duced by the Wiggers Method of controlled 
hemorrhagic hypotension as modified by Fine 
and previously employed in this laboratory in a 
large number of animals.*: ® Unselected afebrile 
mongrel dogs averaging 13 kg. were bled via the 
femoral artery into an elevated reservoir adjusted 
at such a height that the blood pressure equili- 

* Supported in part by Army Research Con- 
tract No. DA-49-007-MD-564. 

+ From the Cora and Webb Mading Department 


of Surgery, Baylor University College of Medi- 
cine, Houston, Texas. 
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brated at 30 mm. Hg. The bleeding volume 
(MBV) reached a maximum in about one hour; 
thereafter, as the animal’s compensation failed, 
blood was gradually and spontaneously taken 
back in order to maintain the blood pressure at 
30 mm. Hg. After 40 per cent of the maximum 
volume had thus been taken back, the remainder 
was rapidly retransfused. If this ‘40 per cent 
end-point”’ was not reached in 8 hours, the experi- 
ment was arbitrarily terminated by retransfusion. 
In addition to the survival rate, the dogs’ re- 
sponse to the experiment was gauged by the 
amount of blood extracted and also by the dura- 
tion of hypotension necessary to attain the end- 
point. General anesthesia with morphine sulfate 
(10 mg.) and pentobarbital (15 mg./kg.) was 
induced prior to bleeding in all animals. Before 
bleeding, Heparin (5 mg./kg.) was administered 
to obviate clotting. 

In the treated group, 50 mg. of chlorpromazine 
was given intravenously, and hypothermia was 
induced by wrapping the anesthetized animals in 
rubberized blankets through which refrigerated 
fluid was circulated to reach a rectal temperature 
of 29°C. Control animals were treated identi- 
cally, except they were not given the drug or 
cooled. 

Blood volumes were determined by the dilution 
method, using washed radioactive chromium- 
tagged red blood cells suspended in saline.® ® 
The labeled cells in suspension were injected 
quantitatively (5 to 10 cc.) through a large poly- 
ethylene catheter threaded into the inferior vena 
cava via the femoral vein. A minimum of 15 
minutes was allowed for mixing, and a blood 
sample was obtained from the right auricle via 
an indwelling jugular catheter. The radioactivity 
of the tagged red blood cells injected was com- 
pared with the radioactivity of the equilibration 
samples and the blood volume calculated (BV in 
cc. = total counts in dog/counts per cc.). With 
each subsequent measurement of blood volume 
it was necessary to inject a new tracer of tagged 
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cells. Previous circulating counts were subtracted 
from the total activity. The radioactivity lost 
from the animals by bleeding into the reservoir 
and re-introduced from the reservoir was included 
jn the calculation of the circulating blood volume 
at those respective times during the procedure. 
Allowance was also made for radioactivity lost 
via the sampling. Hematocrit determinations 
were made by the Wintrobe method. Red blood 
cell masses and plasma volumes were calculated 
from the total blood volume and hematocrits. 

Blood volume determinations were made as a 
base line after induction of anesthesia (BV 1), 
in the treated animals after drug administration 
and cooling (BV T), and in all animals following 
the maximum hemorrhage (BV 2), on return of 
forty per cent of the shed blood (BV 3), on re- 
transfusion of all the shed blood (BV 4), and 
after final stabilization (BV 5) (fig. 1). 


RESULTS 


In the control group there were no survivors; 
however, 30 per cent of the treated animals 
survived for 24 hours or longer. An increased 
tolerance to hypotension in the treated animals 
was also manifest. In the control animals the total 
period of hypotension to the 40 per cent end- 
point was 168 minutes; this period in the treated 
animals was 480 minutes, at which point the 
experiment was arbitrarily terminated. At that 
time, the spontaneous return in the treated 
animals was 15 per cent. 

Controls. Initial blood volume determinations 
for the control animals averaged 78.3 cc./kg. 
(RCV 39.1, PV 39.2*). After extraction of 44.9 
ec./kg., consisting of 18.9 cc./kg. of red cells and 
26 cc./kg. plasma, over a period of 67 minutes, 
the measured or actual circulating blood volume 
was 37 cc./kg. (RCV 15.6, PV 21.4). At this 
time, based on the initial blood volume minus 
the amount extracted, the expected blood volume 
was 33.4 cc./kg. (RCV 20.2, PV 13.2). The 
measured blood volume is therefore 3.6 cc./kg. 
higher than the expected. This figure is produced 
by an apparent loss to the circulation of 2.3 
ce./kg. RCV and apparent addition of 5.9 cc. of 
plasma. 

After a lapse of 101 minutes, during. which 
time the animal had required a spontaneous 


_* RCV signifies red blood cell volume. PV 
signifies plasma volume. 
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Frc. 2. Graph of measured and expected blood volumes, red cell volumes, and plasma volumes in 


control animals at the time of initial measurement, maximum bleeding volume, 40 per cent replacement, 
100 per cent replacement, and after final equilibration. 


return of 18 cc./kg. (RCV 7.5, PV 10.4), repre- 
senting 40 per cent of MBV, the blood volume 
was measured at 43.6 cc./kg. (RCV 21.8, PV 
21.8). Based on the addition of the returned blood 
to the last known blood volume, the expected 
blood volume was 55 ce./kg. (RCV 23.1, PV 
31.9), but based on known starting volume, 
known loss and known addition of blood, the 
blood volume to be expected was 51.4 ec./kg. 
(RCV 27.7, PV 23.7). The measured blood vol- 
ume at this time therefore failed to reflect the 
40 per cent addition to blood volume by 11.4 
ce./kg. This discrepancy is made up of only 1.3 
cce./kg. of RCV whereas the plasma deficit is 
10.1 ec. /kg. 

At this 40 per cent “end-point”, 31.3 cc./kg. 
(RCV 13.2, PV 18.1), the remaining portion of 
extracted blood was rapidly retransfused and the 
BV measured at 64.4 ec./kg. (RCV 34.8, PV 
29.6). Again, based on the last known blood 
volume, the expected would be 74.9. cc./kg. 
(RCV 35, PV 39.9), or based on summation of 
known losses and additions of blood from the 
starting blood volume, the expected would be 
78.3 cc./kg. (RCV 39.2, PV 39.1). Thus, the 
blood volume failed to reflect by 10.5 ec./kg. 
(RCV 2, PV 10.3) the final replacement. 

In those animals temporarily improving and 
alive one to two hours following retransfusion, 
measured blood volume was 65.3 ec./kg. (RCV 
34.3, PV 31.0). Expected would be no change in 


the 78.3 ce./kg. original volume since no further 
additions or deletions have occurred, although 
blood pressure had now returned toward normo- 
tensive levels. Based on last known blood volume, 
expected blood volume would also be higher, 
74.9 ec./kg. (RCV 35, PV 39.9). These correla- 
tions between expected and measured blood 
volumes are presented graphically in figures 2 
and 3. 

The degree of hemorrhage and_ resultant 
changes in blood volume may also be expressed 
on a percentage basis. The 44.9 ec./kg. of blood 
extracted from the animals in group I represents 
57.3 per cent (RCV 48.3 per cent, PV 66.3 per 
cent) of the original blood volume. The difference 
between the original and posthemorrhage meas- 
ured blood volume, however, represents a 52.7 
per cent (RCV 60.1 per cent, PV 45.4 per cent) 
reduction in original blood volume. The dis- 
crepancy between the per cent bled and the per 
cent reduction of blood volume is therefore 4.6 
per cent (RCV (—) 11.8 per cent, PV (+) 20.9 
per cent) increase (fig. 4). 

After slow replacement of 40 per cent (Het. 
42 per cent) of the shed blood, the increase in the 
measured blood volume was only 14.7 per cent 
(RCV 32.8 per cent, PV 1.5 per cent) (BV; - 
BV.)/ MBV, or a deficit of 25.3 per cent. 

After rapid reinfusion of the remaining 60 
per cent (Het. 42.5 per cent) of the shed blood, the 
measured blood voiume was increased only 46.3 
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trol animals at the time of initial measurement, maximum bleeding volume, 40 per cent replacement, 
100 per cent replacement, and after final equilibration. 


MAGNITUDE OF HEMORRHAGE 


PERCENT REDUCTION 
MBV PERCENT BLED OF BLOOD VOLUME 
Max Bleeding Volume may By; - BV2 
( ) Voi .) ( 180) 


Fig. 4. Blood volume data for control and 
treated animals comparing measured maximum 
bleeding volume to percentage bled and percent- 
age reduction of blood volume. 
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Fic. 5. Graph of control and treated animals 
at point of maximum bleeding volume and at 

int of 100 per cent replacement or reinfusion. 

alues for blood volume, red cell volume, and 
plasma volume are compared to the expected blood 
volumes at these times. 


per cent (RCV 68.7 per cent, PV 30 per cent) 
(BV, — BV;)/MBV. Therefore, after 100 per 
cent replacement of the blood extracted, only 61 
per cent (RCV 101.6 per cent, PV 31.5 per cent) 
could be accounted for, with a marked deficit in 
the plasma volume. Furthermore, the discrepancy 
would be further magnified by the apparent 4.6 
per cent net addition of blood which occurred 
after the initial hemorrhage, for if the resultant 
loss of 11.8 per cent of red cells and the addition 
of 20.9 per cent plasma are considered, one would 
have an over-all expected blood volume of 104.6 
per cent. The percentage variations of blood 
volume from the expected values are presented 
graphically in figure 5. 

Treated animals (50 mg. chlorpromazine and 
hypothermia). The initial pretreatment blood 
volume for the treated animals was 81.1 cc./kg. 
(RCV 43.0, PV 38.1). This volume was reduced 
by the administration of 50 mg. of chlorpromazine 
and induction of hypothermia to 71.5 cc./kg. 
(RCV 37.9, PV 33.6). The subsequent alterations 
of blood volume produced by bleeding, shock and 
reinfusion are, however, considered to be changes 
from the pretreatment blood volume since they 
serve as a better comparison with the control 
animals, 
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Following extraction of 37.1 cc./kg. (RCV 
18.0, PV 19.1) over a period of 270 minutes, the 
measured blood volume was 38.2 cc./kg. (RCV 
21.3, PV 16.9). The expected blood volume at 
this time was 44.0 cc./kg. (RCV 25, PV 19) 
based on initial blood volume. The measured 
blood volume was therefore 6.9 cc./kg. lower than 
expected. This figure is produced by the apparent 
loss of 7 ec./kg. red cells and the addition of 0.1 
ec./kg. plasma. Based on last known blood 
volume, the posttreatment blood volume, there is 
a reversal of this effect in that the measured 
blood volume is 3.8 cc. (RCV 1.4, PV 2.4) 
greater than the expected. 

After an average lapse of 480 minutes (all of 
these experiments were arbitrarily terminated 
after 8 hours), only 10.8 per cent or 4 cc./kg. 
(RCV 1.9, PV 2.1) had been required for com- 
pensation and spontaneously returned to the 
circulation. At this time, measured blood volume 
was 37.5 cc./kg. (RCV 21.7, PV 15.8). Based on 
the addition of returned blood to the last meas- 
ured blood volume, the expected blood volume 
was 42.2 cc./kg. (RCV 23.2, PV 19.0). Based 
on known starting volume, extractions and addi- 
tions, the expected blood volume was 48 cc./kg. 
(RCV 29.5, PV 18.5). Thus, at this time, the 
blood volume failed to reflect the additions by 
4.7 ec./kg. (RCV 1.5, PV 3.2). 

After rapid reinfusion of the remaining shed 
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blood, 37.8 ec./kg. (RCV 17.8, PV 20.0), or 
remaining 89.3 per cent, the measured blood 
volume was 62.2 cc./kg. (RCV 35.0, PV 27.2). 
Again, based on the last known blood volume, 
plus the addition, the expected blood volume was 
75.3 cc./kg. (RCV 39.5, PV 35.8). Based on pre- 
treatment original blood volume, known addi- 
tions and losses, the expected was 81.1 ce./kg. 
(RCV 438, PV 38.1). Thus, the blood volume 
failed to reflect by 13.1 ec./kg. (RCV 4.5, PV 
8.6) the final addition of all extracted blood. 
One to two hours following retransfusion in the 
surviving animals, the blood volume was 579 
ec./kg. (RCV 33.7, PV 24.2) and the expected 
still 81.1 ce./kg. (RCV 43, PV 38.1) based on 
additions and subtractions to original blood 
volume and 75.3 ec./kg. (RCV 39.5, PV 35.8) 
based on last known blood volume. Thus, the 
deficit persists in spite of partial improvement 
and a rise in blood pressure (figs. 6 and 7). 
Expressed as a percentage, the 37.1 cc./kg. 
(RCV 18.0, PV 19.1) blood extracted represents 
45.7 per cent (RCV 41.9 per cent, PV 50.1 per 
cent) of the original blood volume. The difference 
between the original and posthemorrhage blood 
volumes represents a 52.9 per cent (RCV 50.5 
per cent, PV 55.6 per cent) reduction in original 
blood volume. The discrepancy between per cent 
bled and per cent reduction of blood volume 
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Fic. 6. Graph of measured and expected blood volumes, red cell volumes, and plasma volumes in the 
treated group at the time of initial measurement, after administration of chlorpromazine and institution 
of hypothermia, at point of maximum hemorrhage, after slow reinfusion over 8 hours, after complete 
reinfusion of shed blood, and after final equilibration. 
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Fic. 7. Graph of measured and expected blood volumes, red cell volumes, and plasma volumes in the 
treated group at the time of initial measurement, after administration of chlorpromazine and institution 
of hypothermia, at point of maximum hemorrhage, after slow reinfusion over 8 hours, after complete 
reinfusion of shed blood, and after final equilibration. 


therefore is a 7.2 per cent (RCV 8.6 per cent, 
PV 5.5 per cent) deficit (fig. 5). 

After replacement of 10.8 per cent (Hct. 47.1 
per cent) of the shed blood, the measured blood 
volume was not increased but actually reflected 
a decrease of 1.9 per cent, a resultant 2.2 per cent 
increase in red cells, but a 5.8 per cent deficit in 
plasma. 

After rapid reinfusion of the remaining 89.2 
per cent (Hct. 47.1 per cent) of shed blood, the 
measured blood volume was increased only 66.6 
per cent (RCV 73.9 per cent, PV 59.7 per cent). 
Therefore, of the 100 per cent replacement of 
shed blood, only 64.7 per cent could be accounted 
for; fractionally, 76.1 per cent of RCV and 53.9 
per cent of the PV were accounted for. Here 
again, the main deficit is in returned plasma. 


DISCUSSION 


Blood volume determinations by the method 
employed in this experiment are subjected to 
many variables, as are all the present methods 
available. Blood volume and plasma volume by 
the method utilized are actually calculated values 
from red cell mass and hematocrit. However, the 


method itself is consistent, yielding minimal 
standard errors in over 600 determinations in 
this laboratory. This method might reflect the 
physiologic volume or the functional circulating 
volume, and should also reflect variations occur- 
ring between the control and treated animals. 
These studies again emphasize the inaccuracy 
of blood volume determination in animals which 
have previously been in shock since a maximum 
of 65 per cent of the retransfused blood could be 
accounted for in these experiments. The recent 
tendency in clinical practice to regard blood 
volume determinations as an absolute index of 
the functional status of the organism following 
massive blood replacement must be tempered 
with the realization that blood volume determina- 
tions are fraught with the same hazard as any 
other laboratory study. Even though inaccurate, 
blood volume studies after periods of shock might 
be useful in pointing up further need on the part 
of the organism for additional blood replacement. 
In any method of blood volume determinations 
there must be complete mixing of the tracer in 
the vascular space; if some portion of the vascular 
system is stagnant, the results will be erroneous. 
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The results presented are certainly vulnerable to 
this error. 

This study re-emphasizes that the shock prepa- 
ration employed is a severe stress, with a severe 
hemorrhage demanding maximum compensatory 
efforts on the part of the animal. A beneficial 
alteration in mortality rate and tolerance to 
hypotension is effected by production of hypo- 
thermia and administration of an autonomolytic 
drug before the induction of hemorrhage. One ‘of 
the most striking differences between these two 
groups of animals is the prolonged period of 
tolerance of the treated animals to the hypoten- 
sion between the points of MBV and the 40 per 
cent end-point. During the longer period of time, 
the treated animals had required replacement of 
only 15 per cent of the shed blood to maintain 
blood pressure at 30 mm. Hg, whereas the con- 
trol animals required the full 40 per cent return 
in a considerably shorter period of time. 

These studies of blood volume have demon- 
strated that the magnitude of hemorrhage in the 
two groups was comparable on a per cent reduc- 
tion of blood volume which was not apparent 
from actual volume of blood extracted in the 
two groups. This represents an apparent greater 
compensatory effort on the part of the control 
animal at the point of maximal hemorrhage. This 
effect could perhaps be interpreted as detrimental 
to the further course and survival of the animal. 
There is a difference, however, in the rate at 
which hemorrhage occurred between the control 
and treated groups. It is somewhat surprising 
that with a faster rate of hemorrhage, compensa- 
tory efforts seemed to be more effective in the 
control group. 

The control animals achieved compensation by 
a considerable addition of plasma and an appar- 
ent trapping of red blood cells, yielding a net 
blood volume increase. This comparable phase 
of the experiment in the treated animals revealed 
a net decrease in all blood elements, both red 
cells and plasma. One might speculate that these 
trapped elements in the treated animals might 
be available to the animal at a later time and 
contribute to ultimate survival. 

Perhaps the most significant difference reflected 
in the blood volume determinations occurred at 
the point of retransfusion. Whereas the measur- 
able portion of the returned blood was compar- 
able between the control and treated animals, the 
individual components showed considerable 
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differences. In the control animals, all the re. 
turned red blood cells could be accounted for, 
and only 31.5 per cent of the returned plasma 
could be measured. In the treated animals, less 
plasma seemed to be lost from the circulating 
blood volume; however, not all the red blood 
cells could be accounted for. Perhaps these 
differences reflect a change in the permeability 
of the capillaries to plasma, resulting in a greater 
leakage in the control animals. Of interest is the 
fact that the blood pressure at this time was 
comparable in the two groups. 

Although changes in blood volume and differ- 
ence in compensation to hemorrhage and reten- 
tion on retransfusion have been demonstrated, 
it is still likely that the benefits of therapy lie 
not in quantitative changes in blood volume, red 
cell volume and plasma volume, but rather in the 
mechanism by which the blood available for 
circulation is rerouted, or in tolerance to anoxia. 
Further studies on specific organ blood flow in 
hemorrhagic shock are in progress in this labora- 
tory. 

SUMMARY 


Two groups of animals were studied in hemor- 
rhagic shock: a control group of 13 animals and a 
second group of 10 animals treated with an auto- 
nomolytic drug and hypothermia before induction 
of hemorrhagic shock. Blood volume determina- 
tions were made at varying times before, during, 
after partial replacement, and after complete 
replacement of shed blood. These volume studies 
demonstrate greater compensation on the part of 
the controls at the point of maximum bleeding, a 
greater need for blood replacement during the 
period of hypotension, a shorter period of toler- 
ance to hypotension, and a greater retention of 
the returned blood in the treated animals on re- 
transfusion. The magnitude of the differences in 
blood volumes in the two groups is not great. 


Robert C. Overton, M.D. 
Baylor University College of Medicine 
Houston, Texas 
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Covalt, Donald A. Rehabilitation of patient with 
hemiplegia, 822 

Cowley, R. Adams. See Esmond, 685 

Crawford, E. Stanley. See De Bakey, 862 

——.,, and Michael E. De Bakey. Abdominal repair 
of hiatal hernia: study of 138 cases, 889 

—, J. Ralph Dunn, Jr., and J. Griffin Heard. 
Simple method for repair of large ab- 
dominal and chest wall defects, 530 

Creech, Oscar, Jr. Death of institution (edi- 
torial), 418 


INDEX 


989 
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Zenker’s diverticulum, case report, 806 
Esophagus 
lower, web, obscure cause of dysphagia, 260 
spontaneous rupture, etiology, report of 7 
cases, 385 
upper, stenosis and associated Zenker’s diver- 
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Geist, Donald C. Oxyphilic granular cell adenoma 
of parotid gland: report of case, 735 
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Interatrial secundum defects, closure simplified 
by utilization of previously undescribed 
anatomic feature, 439 
Intestinal obstruction due to food bolus following 
gastrectomy, 80 
Intestine 
small, mechanical obstruction, review of ad- 
vances in management, 431 
surgery, safety valve anastomosis and decom- 
pression by use of T-tube, 558 
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they are acceptable to the Editorial Board. The Editors and Publishers do not ac- 
cept responsibility for statements and opinions expressed by authors. 

Manuscripts. Manuscripts submitted should be double spaced on one side of the 
page with wide margins and numbered pages. The original copy should be submitted. 

A reasonable number of illustrations to adequately illustrate the contents of the 
manuscript will be accepted without cost to the author. - 

References should conform to those in the Quarterly Cumulative Index Medicus 
and should be listed in alphabetical order with numbers corresponding to numbers 
in the text of the manuscript. 

Copyright. Material appearing in the Journal is covered by copyright. As a rule 
no objection will be made to reproduction of this material in reputable publications 
if proper credit is given to the author and the Journal. Address all solicitations for 
permission to the Publisher. 

Reprints. An order blank, together with a table listing cost of reprints, is sent with 
proof. Return order blanks to the printer as directed therein. No reprints are fur- 
nished gratis to contributors. 

Correspondence. Manuscripts, books for review, and all inquiries concerning ma- 
terial to be published should be sent to Dr. George H. Yeager, Editor, at the Medical 
Arts Building; Cathedral and Read Streets, Baltimore 1, Maryland. 

Corresponderice pertaining to non-member subscriptions should be sent to the 
Publishers, 428 East Preston Street, Baltimore 2, Md. 

Correspondence pertaining to subscriptions of members of the two Congresses, and 
business matters relating to The American Surgeon and the two Congresses should 
be sent to Dr. B. T. Beasley, 701 Hurt Building, Atlanta 3, Georgia. 

Change of Address. Publisher must be notified 60 days in advance. Journals un- 
deliverable because of incorrect address will be destroyed. Duplicates can be ob- 
tained (if available) from the publisher at the regular price of single issues. 

Subscriptions. The American Surgeon is published monthly, and twelve issues in a 
calendar year constitute a volume. Subscriptions are sold on a volume basis. 

Subscription price is $10.00 per volume. In countries outside the United States, 
except Canada, add $1.25 per volume postage. Canadian postage: add $.50 per 
volume. Single copies, when available, are $1.00, plus $.25 postage outside the U. S. 
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she'll be ready for abdominal surgery in 24 hours... 


Because 97% of the Mycifradin dose remains localized in the intestine, you can prepare 
your patient for bowel surgery with just 6 doses (12 tablets) over a 24-hour period. Re- 
sistant strains of organisms have not been a clinical problem with Mycifradin. 


Mycifradin antisepsis is maintained for as long as 4 or 5 days. Thus your patient is pro- 
tected against infection, healing proceeds rapidly and without complication. Forty-eight 
hours after the operation, the patient is usually free-of fever and ready for ambulation. 


Whenever abdominal surgery is required, choose the specific protection of Mycifradin .. . 
or of Mycifradin-N (with nystatin) for additional protection against fungal outgrowth. 
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SULFATE 


TRADEMARK, REG. U. S. PAT. OFF. —THE UPJOHN BRAND OF NEOMYCIN the standard in preoperative j bowel preparation 
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Announcing a major 


mew series On cancer... 


Bignall: CARCINOMA 
OF THE LUN G (Volume I: Mono- 


graphs on Neoplastic Disease at Various Sites) 


CONTENTS—Mortatity FROM CANCER OF THE LUNGS IN ENGLAND AND 
Wa tes (R. A. M. Case): Methods and Materials; Mortality from Cancer of 
the Lungs in England and Wales; Comparison of Mortality in Selected 
Countries. PRESENT KNOWLEDGE OF THE CAUSATION OF CARCINOMA OF 
THE LunGs (Richard Doll): Introduction; Specific Industrial Causes; Smok- 
ing of Tobacco; Atmospheric Pollution; Non-Industrial Radioactivity, 
Respiratory Infection and Heredity; Etiology of-Carcinoma of the Lung. 
PATHOLOGY OF CARCINOMA OF THE LuNG (K.F.W. Hinson): Origin and 
Appearances of Carcinoma of the Lung; Spread of Carcinoma of the Lung; 
Laboratory Diagnosis. CoursE OF CARCINOMA OF THE LuNG (J. R. Bignall): 
Method of Investigation; Site of the Tumour; Treatment and Survival; 
Effect of Histological Type; Effect of Age and Sex; Effect of the Situation 
of the Tumour and the Length of the I!Iness before Diagnosis; Unusual 
Manifestations; Course of Lung Cancer. TREATMENT OF CARCINOMA OF THE 
Lune (W. P. Cleland, D. W. Smithers, D. A. G. Galton and Rose Papac): 
Surgical Treatment; Radiotherapy; Chemotherapy. 


Edited by J. R_ BiGNALL, M.D., M.R.C.P., Assistant Physician, Brompton Hospital, 
Senior Lecturer Institute of Diseases of the Chest, Brompton Hospital; Research Assistant, 
Radiotherapy Department, Institute of Cancer Research; Royal Cancer Hospital 


312 pp., 69 figs. »© $10.50 


Volumes in preparation: Volumes to follow: 
Wallace: Tumors of the Bladder Larynx, Pharynx, 
Dukes: Cancer of the Rectum 
Fergusson: Cancer of the Prostate 
Penman: Intracranial and Spinal Tumors 
Smithers: Tumors of the Esophagus _ Breast, Uterus 


Leukemias, Malignant 
Lymphomas, Thyroid, 
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